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Description 
Related Applications 

[0001] This application is a continuation-in-part appli- 
cation of U.S. Serial No. 08/080,072, filed June 21, 
1993), which is a continuation-in-part application of U. 
S. Serial No. 07/989,790, filed December 10, 1992, both 
now abandoned. 

Field of the Invention 

[0002] The invention disclosed herein is directed to 
methods for detecting the presence of a CD1 -presented 
antigen in a sample, methods for isolating CD1 -present- 
ed antigens from a sample, vaccines comprising 
CD1 -presented antigens, and to cell lines useful in the 
isolation, identification and characterization of CD1 -pre- 
sented antigens. The CD1 -presented antigens of the in- 
vention, like MHC-presented antigens, stimulate a:P 
TCR T cells to undergo a proliferative response. How- 
ever, unlike MHC-presented antigens, CD1 -presented 
antigens are non-polypeptide hydrophobic antigens. In 
particular, a CD1 b-presented antigen isolated from My- 
cobacterial species comprises a mycolic acid. 

Description of the Background Art 

The Immune System and T Cells 

[0003] Animals have a complex array of molecular 
and cellular defenses, collectively referred to as the im- 
mune system, that recognize and attack potentially 
harmful foreign or endogenous but abnormal cells (re- 
spectively represented by, e.g., pathogens such as bac- 
teria or viruses, and cancerous or pathogen-infected 
cells) , but tolerate endogenous normal cells. When stim- 
ulated by foreign or abnormal biomolecules, the immune 
system undergoes a series of activities designed to neu- 
tralize and destroy the pathogens, or cancerous or path- 
ogen-infected cells, with which the foreign or abnormal 
biomolecules are associated. These activities, collec- 
tively known as an immune response, may consist of a 
cell-mediated immune response, a humoral (antibody- 
mediated) immune response, or an immune response 
that includes elements of cell-mediated and humoral re- 
sponses. 

[0004] Humoral immune responses are mediated by 
antibodies, glycoproteins that bind specific foreign or 
abnormal biomolecules. Antibodies are immunoglobulin 
(Ig) molecules produced by B cells, lymphocytes which 
originate in avian bursa or in mammalian bone marrow 
but migrate to and mature in other organs, particularly 
the spleen. Robertson, M., Nature 301114 (1983). Cell- 
mediated immune responses are the result of activities 
of T cells, lymphocytes that undergo maturation within 
the thymus of an animal. Tizard, I.R., Immunology: An 
Introduction, 2d Ed., Saunders, Philadelphia (hereafter 



"Tizard"), p. 163, 1988. Both T and B cells migrate be- 
tween various organs and/or tissues within an animal's 
body. Lydyard, P., and Grossi, C, Chapter 3 in Immu- 
nology, 2d Ed., Roitt, I., et a/., eds., Gower Medical Pub- 

5 lishing, London, New York, 1989. 

[0005] T cells mediate at least two general types of 
immunologic functions, effector and regulatory, reflect- 
ing the fact that T cell activities vary considerably among 
different subpopulations of T cells within an animal. 

10 Rook, G., Chapter 9 in Immunology 2d Ed., Roitt, I., et 
a/., eds., Gower Medical Publishing, London, New York, 
1989. Effector functions include delayed hypersensitiv- 
ity, allograft rejection, tumor immunity, and graft-versus- 
host reactivity. Effector functions reflect the ability of 

*5 some T cells to secrete proteins called lymphokines, 
and the ability of other T cells ("cytotoxic" or "killer" T 
cells) to kill other cells. The regulatory functions of T 
cells are represented by the ability of "helper" T cells. 
Helper T cells interact with, and produce biomolecules 

20 that influence the behavior of, both B cells and cytotoxic 
T cells, in order to promote and direct antibody produc- 
tion and cytotoxic activities, respectively. Mosier, D.E., 
Science 158A 573-1 575 (1967). Other classes of T 
cells, including suppressor T cells and memory T cells, 

25 also exist. Miedema, R, and Melief, C.J.M., Immunol. 
Today 6:258-259 (1983); Tizard, pp. 225-228. 
[0006] Classes of T cells are to some extent distin- 
guished on the basis that different T cells display differ- 
ent CD proteins on their surfaces. Immature T cells dis- 

30 play both CD4 and CD8 proteins (i.e., immature T cells 
are CD4 + 8 + ), mature helperT cells are CD4 + 8" (i.e., dis- 
play CD4 protein but not CD8 protein) and mature cyto- 
toxic T cells are CD4"8 + (i.e., display CD8 protein but 
not CD4 protein). Smith, L, Nature 326:798-800 (1987); 

35 Weissman, I.L., and Cooper, M.D., Sci. American 269: 
65-71 (1993). 

Antigen Recognition 

40 [0007] In order to function properly, the T and B cells 
of an animal's immune system must accurately and re- 
liably identify the enormous number of molecular com- 
positions derived from foreign ("non-self), or endog- 
enous ("self") but abnormally expressed, compositions 

45 that are encountered. Recognition and identification by 
the immune system occurs at the molecular level. An 
antigen, a molecular composition having the potential to 
generate an immune response, is composed of one or 
more molecular-sized identifying features known as 

50 epitopes. A polypeptide antigen which has an amino ac- 
id sequence which comprises, e.g., a hundred amino ac- 
ids might comprise dozens of epitopes, wherein each 
epitope is defined by a portion of the polypeptide com- 
prising from about 3 to about 25 amino acids. The 

55 number of eptitopes derivable from polypeptides alone 
is estimated to be about ten million. Tizard, p. 25. 
[0008] An antigen encountered by a T or B cell of an 
animal m ust be identified as either being associated with 
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normal endogenous (i.e., self) antigens, an immune re- 
sponse to which would be injurious to the animal, or with 
foreign or abnormal (i.e., non-self) antigens, to which an 
immune response should be mounted. As part of the im- 
mune system's means of identifying antigens, individual 
T and B cells produce antigen receptors which are dis- 
played on the T or B cell's surface and which bind spe- 
cific antigens. Turner, M., Chapter 5 in Immunology, 2d 
Ed., Roitt, L, et al. p eds., Gower Medical Publishing, Lon- 
don, New York, 1989. B cells produce and display anti- 
gen receptors that comprise Ig molecules which have 
unique antigen-binding portions due to unique amino 
acid sequences in the variable regions of each of the 
two antibody subunits, known as the Ig heavy and Ig 
light chains. Each B cell membrane comprises from 
20,000 to 200,000 identical Ig molecules. Tlzard, pp. 
78-80 and 202. 

[0009] The T cell antigen receptors (TCRs) produced 
by and displayed on individual T cells comprise heavy 
(TCRP) and light (TCRtx) chains (polypeptide subunits) 
which are linked by a disulfide bo n d on the T eel I surface. 
Each TCR a and p subunit has a carboxy-terminal con- 
stant region, the amino acid sequence of which does not 
vary from T cell to Tee II, and an amino-terminal variable 
region, the amino acid sequence of which does vary 
from T cell to T cell. When TCRct and TCRp subunits 
associate with each other, the variable regions of the 
TCRoc and TCRp polypeptide subunits combine to form 
the unique antigen-binding portion ofanct:p TCR. A sec- 
ond type of TCR heterodimer, y.B, has been described 
but its function, if any, is unknown. Davis, M.M., and 
Bjorkman, P.J., Nature 334:395-404 (1 988). Although at 
least one mixed TCR heterodimer of unknown function, 
p:5 TCR, has been described, T cells bearing ct:P TCR 
molecules are numerically dominant in mature animals. 
Hochstenbach, R, and Brenner, M.B., Nature 340: 
562-565 (1989). 

[0010] Although each individual T or B cell displays 
identical antigen receptors, the receptor displayed var- 
ies from cell to cell; an animal's collection of different 
antigen receptors is thus quite diverse. The genetic ba- 
sis of this diversity is as follows. The variable region of 
an Ig heavy chain, or that of a TCRp chain, is encoded 
by three gene segments, the variable (V), diversity (D) 
and joining (J) segments. The variable region of an Ig 
light chain, orthat of a TCRa chain, is encoded by Vand 
J gene segments. Multiple DNA sequences encoding 
many different V, D and J gene segments are present 
as unexpressed copies in germ line DNA; an analogous 
but different collection of variable gene segments for 
TCR subunits is also present. During development of an 
animal, genes encoding diverse variable regions are 
generated in individual cells of the immune system by 
the random joining of V, D and J, or V and J. gene seg- 
ments. The process of DNA rearrangements that gen- 
erates a randomly assembled variable region of an Ig 
heavy or TCRP subunit is called V-D-J joining; the anal- 
ogous process that generates a rearranged variable re- 



gion of an Ig light or TCRa subunit is called V-J joining. 
Sakano, H., etal., Nature 280:288-294 (1979); Early, P., 
et ai, Cell ?9:981-992 (1980); Alt, F.W., et a/., Science 
238:1079-1087 (1987); Harlow, E. t and Lane, D., Ant'h 
5 bodies: A Laboratory Manual, Cold Spring Harbor Lab- 
oratory Press, Cold Spring Harbor, pages 10-18, 1988; 
Davis, M.M., and Bjorkman, P.J., Nature 334:395-404 
(1988). 

[0011] A functionally rearranged Ig or TCR subunit 
w gene is one in which the DNA rearrangements of V-D-J 
or V-J joining have not resulted in a reading frame that 
is prematurely terminated because of the introduction of 
stop codons or frameshifting mutations. Because each 
T or B cell of the immune system expresses genes en- 
's coding their respective antigen receptors in which a 
unique functionally rearranged variable region is 
present, many different T or B cells, each producing a 
receptor that has a unique antigen-recognizing region, 
are generated. Hay, F., Chapter 6 in Immunology 2d 
20 Ed., Roitt, l.,efa/.,eds., Gower Medical Publishing, Lon- 
don, New York, 1989. The total catalog of different an- 
tigen receptors displayed on the T cells of an animal is 
referred to as the animal's TCR repertoire. Bevan, M.J., 
etal., Science 264:796-797 (1994). 
25 [0012] For mature T or B cells, binding of antigen to 
a cell's antigen receptor activates the cell, i.e., stimu- 
lates the cell to undertake activities related to generating 
a cell-mediated or humoral immune response. Typically, 
activated mature T or B cells proliferate in response to 
30 antigen. In contrast, for immature T or B cells, binding 
of antigen to a displayed TCR or B cell antigen receptor, 
respectively, results in elimination of the cell by a proc- 
ess called negative selection or clonal deletion. Clonal 
deletion occurs during normal development of a healthy 
35 wildtype animal, and is a mechanism by which the im- 
mune system learns to tolerate the animal's normal en- 
dogenous (self) antigens, i.e., to treat the animal's self 
antigens as non-immunogenic antigens. Failure of the 
immune system to achieve or maintain tolerance of self 
40 antigens may result in autoimmune responses (i.e., au- 
toimmune response to self antigens) that can culminate 
in autoimmune disease in animals including humans. 
Autoimmune disease can occur when an appropriate 
immune response to a non-self antigen results in the 
45 production of immune effector biomolecules (e.g., au- 
toantibodies) or cells that cross-react with self antigens. 
Human autoimmune diseases include such crippling 
conditions as Multiple Sclerosis (MS) and Systemic Lu- 
pus Erythematosus (SLE). Roitt, I., Chapter 23 in Immu- 
50 nology 2d Ed., Roitt, I., etal., eds., Gower Medical Pub- 
lishing, London, New York, 1989; Steinman, L., Sci. 
American 269:107-114 (1993). 

Antigen Presentation 

55 

[0013] Although the antigen receptors of B cells can 
directly bind soluble antigen, T cells typically respond to 
antigen only when it is displayed on specific classes of 
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other cells known generically as an antigen-presenting 
cells (APCs). Feldmann, M., and Male, D., Chapter 8 in 
Immunology, 2d Ed., Roitt, I., et al., eds., Gower Medical 
Publishing, London, New York, 1989. APCs, e.g., mac- 
rophages and dendritic cells, present antigens derived 
from polypeptides via glycoproteins, known as MHC 
(major histocompatibility complex) proteins, which are 
displayed on the surface of APCs. Bevan, M.J., et al. t 
Science 264:796-797 (1994). The nomenclature for 
MHC gene products varies from species to species. For 
example, human MHC proteins are also referred to as 
human lymphocyte antigens (HLA), murine MHC pro- 
teins are also referred to as H-2 antigens, and rat MHC 
proteins are also called RT1 antigens. Tizard, p. 181. 
Particular MHC proteins bind selected classes of anti- 
gens with limited specificity. For the most part, the spe- 
cificity determinants in a TCR:Ag:MHC complex are (1) 
the unique polypeptide sequences of the variable por- 
tion of the TCR and (2) the unique polypeptide sequenc- 
es of antigen. However, to some degree, MHC-present- 
ed oligopepade antigens are embedded within an MHC 
molecule and TCR recognition of antigen only occurs 
within the context of an appropriate class of MHC mol- 
ecule. Janeway, C.A., Sc/. American 269:73-79 (1993). 
This phenomenon, called MHC restriction, is of funda- 
mental importance to T cell antigen recognition and 
physiology. Zinkernagel, R.M., and Doherty, PC, Na- 
ture 248:701-702 (1974). 

[0014] In MHC-mediated presentation of antigens, 
the a:p T cell antigen receptor recognizes peptide anti- 
gens in conjunction with products of MHC genes. In the 
case of soluble antigens, recognition occurs in conjunc- 
tion with Class II molecules. For viral antigens, recogni- 
tion is in conjunction with Class I molecules. Further- 
more, large soluble antigens are processed from 
polypeptides by an appropriate accessory cell, such as 
a macrophage or dendritic cell. 
[0015] The general sequence of events involved in T 
cell recognition of polypeptide antigens in MHC restric- 
tion is as follows. A polypeptide antigen is phagocytosed 
by an antigen-presenting cell, internalized, processed, 
and then a peptide derived from the polypeptide is dis- 
played on the cell surface in conjunction with Class I or 
Class II MHC molecules. In order to present antigen, 
MHC Class I molecules require an additional protein, p 2 - 
microglobulin. Tizard, pp. 181-183. A T cell antigen re- 
ceptor a:p heterodimer then recognizes the peptide an- 
tigen plus the MHC gene product. Recognition of pep- 
tide antigen alone or MHC gene product alone is not suf- 
ficient to signal T cell activation. Only the MHC:Ag com- 
plex can be appropriately recognized by a TCR mole- 
cule. Steward, M., Chapter 7 in Immunology, 2d Ed., 
Roitt, I., etai, eds., Gower Medical Publishing, London, 
New York, 1989. 

[0016] The genes encoding MHC proteins are di- 
verse; however, unlike Ig and TCR molecules, which 
vary from cell to cell in an individual animal, MHC anti- 
gens vary from individual animal to individual animal or 



from one group of related individual animals to another 
group. Members of familial groups, represented in the 
mouse by inbred strains of mice, share similar MHC an- 
tigens with each other, but not with individuals from other 

5 strains of mice. Snell, G.D., Science 273:172-178 
(1981); Owen, M., Chapter 4 in Immunology, 2d Ed., 
Roitt, I., et al., eds., Gower Medical Publishing, London, 
New York, 1989. Because variant MHC molecules will 
be capable of binding different antigens, the antigens 

10 that T cells will be able to recognize (i.e., specifically 
bind in the MHC context) and respond to varies among 
different strains of mice. Cooke, A., Chapter 11 in Im- 
munology 2d Ed., Roitt, I., et a/., eds., Gower Medical 
Publishing, London, New York, 1989. In humans, partic- 

*5 ular genetic alleles encoding MHC (HLA) molecules are 
more highly associated with autoimmune diseases, pre- 
sumably because these MHC molecules are more com- 
petent at binding (and thus presenting to T cells) self 
antigens. Va ugh an, in Immunological Diseases, 3rd Ed., 

20 Vol. II, Samter, M., ed., pp. 1029-1037 (1978); Stein- 
man, L, Sci. American 269:107-114 (1993). 

Double Negative T cells 

25 [0017] Generally, CD8 + T lymphocytes recognize 
MHC class I complexes, while CD4 + cells recognize 
MHC class II complexes on antigen presenting cells. 
The involvement of CD8 and CD4 in antigen recognition 
by a:p TCRs is significant. CD4 and CD8 molecules in- 

30 crease the avidity of the TCR interaction Ag:MHC com- 
plexes and are sometimes referred to as co-receptors 
(Bierer, B.E., et al., Ann. Rev. Immunol. 7:579-599 
(1989); Steward, M., Chapter 7 in Immunology, 2d Ed., 
Roitt, I., etai, eds., Gower Medical Publishing, London, 

35 New York, 1989). Because of the importance of CD4 and 
CD8 in antigen recognition in the MHC context, CD4"8- 
(double negative; DN) T cells have classically been con- 
sidered to be immature thymic T cell precursors. Lyd- 
yard, L., and Grossi, C, Chapters 2 and 14 in Immunol- 

40 ogy 2d Ed., Roitt, I., et al., eds., Gower Medical Pub- 
lishing, London, New York, 1989; Smith, L, Nature 326: 
798-800 (1987); Strominger, J.L., et al., Int. J. Cancer 
Suppl. 4:43-47 (1989); Shirai, T., et al., J. Immunology 
744:3756-3761 (1990); Weissman, I.L. and Cooper, M. 

45 D., Sci. American 269:65-71 (1993). 

[0018] The DN subpopulation of T cells is distinctive 
in regard to the TCRs that they display. The majority of 
human DN T cells isolated from peripheral blood ex- 
press 5:y TCRs. Porcelli, S., et al., Immunological Re- 

50 views 720:137-183 (1991). A large proportion (approx- 
imately 60%) of murine DN cc:p TCR T cells express Vp8 
gene products (Fowlkes, B.J., et al., Nature 329: 
251-254(1987); Bix, M., era/., J. Exp. Med. 1 78:901 -908 
(1993)). Several analyses in mice point to a striking lack 

55 of junctional (V-J or V-D-J) diversity and restricted use 
of germline V and J gene elements, especially for TCRot 
subunits. Koseki, H., ef a/., Proc. Natl. Acad ScL USA 
87:5248-5252 (1990); Kubota, H., ef al., J. Immunol. 
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749:1143-1150 (1992). Examination of fresh DN ct:p 
TCR T cells in humans revealed a striking predomi- 
nance of an invariant (canonical) Va24-JctQ rearrange- 
ment that lacked N region additions. Porcelli, S., ef a/., 
J. Exp. Med. 778:1-16(1993). Taken together, these ob- 
servations suggest that DN tx:p TCR T cells may repre- 
sent a developmentally distinct subpopulation of T lym- 
phocytes whose limited receptor repertoire reflects rec- 
ognition of a restricted set of antigens and/or antigen- 
presenting molecules. 

CD1 Proteins 

[0019] Polypeptide molecules encoded by the genes 
of the CD1 locus are recognized by select CD4-8- Tcell 
clones expressing either a:(i or y:5 TCRs (Porcelli, S., 
etaf., Nature 347:447-450 (1989); Faure, R, et ai, Eur. 
J. Immun. 20:703-706 (1 990)). Because of the structural 
resemblance of CD1 molecules, encoded by genes on 
human chromosome 1 , to MHC molecules, encoded by 
geneson human chromosome 6 (Calabi, F. and Milstein, 
C, Nature 323:540-543 (1986); Balk, S.P., ef a/., Proc. 
NatL Acad. Sci. USA 86:252-256 (1989)), it has been 
suggested that CD1 may represent a family of antigen 
presenting molecules separate from those encoded by 
the MHC genes. Porcelli, S., et a/., Nature 347:447-450 
(1989); Strominger, J.L., Ceil 57:895-898 (1989); Por- 
celli, S., era/., Immun. Rev. 720:137-183 (1991). 
[0020] The five CD1 genes reveal exon and domain 
structure (ct1 , a2, ot3) that is similar to that of MHC class 
I genes, yet the proteins are only distantly related in se- 
quence. All CD1 family members share a conserved a3 
domain; however, even this domain shows only 32% ho- 
mology in amino acid sequence with consensus resi- 
dues of class I MHC ct3 domains and there is no detect- 
able homology with cc1 domains. A major difference be- 
tween MHC and CD1 molecules is polymorphism. Hu- 
man MHC genes are extremely polymorphic: multiple 
alleles have been described at each known MHC locus. 
In contrast, CD1 genes are apparently nonpolymorphic. 
Despite these differences, the CD1 proteins, like MHC 
Class I molecules, are expressed as large subunits 
(heavy chains) non-covalently associated with p 2 -mi- 
croglobulin. Van Agthoven, A., and Terhorst, C, J. Im- 
munol. 728:426-432 (1982); Terhorst, C, et a/., Cell 23: 
771-780(1981)). 

[0021] Five CD1 genes have thus far been identified 
in humans: CD1a, CD1b, CD1c, CD1d and CD1e. Four 
of the five CD1 gene products have been defined sero- 
logically, are referred to as CD1a, CD1b, CD1c and 
CD1d and are distinguished by unique heavy chains 
with approximate molecular weights of 49kDa, 45kDa, 
43kDa and 48kDa respectively (Amiot, M., et al., J. Im- 
munol. 736:1752-1758(1986); Porcelli, S., et ah, Immu- 
nol. Rev. 720:137-183 (1991); Bleicher, P.A., etai, Sci- 
ence 250:679-682 (1990)). CD1 proteins are displayed 
on a number of APCs including Langerhans cells (which 
are the major dendritic antigen-presenting cells in the 



skin), activated B cells, dendritic cells in lymph nodes, 
and on activated blood monocytes (Porcelli, S., et al., 
Nature 360:593-597 (1992); Leukocyte Typing IV t 
Knapp, W., ed., Oxford University Press, Oxford, U.K., 
5 pp. 251 -269, 1 989; Tissue Antigens, Kissmey- 
er-Nielsen, F., ed., Munksgard, Copenhagen, Denmark, 
pp. 65-72, 1989. 

[0022] Previous work has shown that CD1 proteins 
are recognized by CD4-8" T cell lines derived from pa- 

10 tients with SLE. Porcelli, et aL, Nature 347:447-450 
(1989). Leukemia cells expressing CD1 proteins were 
lysed by the T cells independent of MHC restriction, 
even though no foreign (non-self) antigen was present. 
DN T cells lysed leukemic cells in a CD1 -dependent 

*5 manner in the absence of antigen. Thus, the possibility 
exists that CD1 proteins play a role in autoimmune dis- 
eases. 

[0023] The central dogma of immunology has been 
that the immune system does not normally react to self. 

20 Autoimmunity defines a state in which the natural unre- 
sponsiveness or tolerance to self terminates. As a re- 
sult, antibodies or cells react with self constituents, 
thereby causing disease. There is as yet no established 
unifying concept to explain the origin and pathogenesis 

25 of the various autoimmune disorders. The disease proc- 
ess may be caused, among other things, by sensitized 
T lymphocytes. These lymphocytes produce tissue le- 
sions by poorly understood mechanisms which may in- 
volve the release of destructive lymphokines or which 

30 attract other inflammatory cells to the lesion. For a re- 
view of autoimmunity, see Theofilopoulos, A.N., Chap- 
ter 11 in Basic and Clinical Immunology, 6th Ed., Stites, 
D.P., et al., eds., Appleton and Lang, 1987. 

35 Mycobacteria and Mycotic Acids 

[0024] Mycobacteria are a genus of aerobic intracel- 
lular bacterial organisms which upon invasion of their 
host, survive within endosomal compartments of mono- 

40 cytes and macrophages. Human mycobacterial diseas- 
es include tuberculosis (caused by M. tuberculosis), lep- 
rosy (caused by M. leprae), Baimsdale ulcers (caused 
by M. ulcerans) t and various infections caused by M. 
marinum, M. kansasii, M. scrofulaceum, M. szulgai, M. 

45 xenopi, M. fortuitum, M. chelonei, Nl. haemophilum and 
M. intracellular. Wolinsky, E., Chapter 37 in Microbiol- 
ogy: Including Immunology and Molecular Genetics, 3rd 
Ed., Harper & Row, Philadelphia, 1980; Daniel, T.M., 
Miller, R.A. and Freedman, S.D., Chapters 119, 120 and 

50 121, respectively, in Harrison's Principles of Internal 
Medicine, 11th Ed., Braunwald, E. ( et al, eds., McGraw- 
Hill, New York, 1987. One third of the world's population 
harbors M. tuberculosis (M. tb.) and is at risk for devel- 
oping tuberculosis (TB), which is specifically responsi- 

55 ble for 18.5% of deaths in adults aged 15 to 59. Bloom, 
B.R., and Murray, C.J.L., Science 257:1055-1064 
(1992). Because improved public health and antibiotic 
therapy have greatly reduced the occurrence and/or se- 
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verity of TB in the United States, these alarming statis- 
tics derive largely from third-world countries. Unfortu- 
nately, with the advent of AIDS, tuberculosis is increas- 
ing at a nearly logarithmic rate, and multidrug resistant 
strains are appearing and now account for one third of 
all cases in New York City. Bloom, B.R., and Murray, C. 
J.L, Science 257:1055-1064 (1992); U.S. Congress, 
Office of Technology Assessment, The Continuing Chal- 
lenge of Tuberculosis, OTA- H -574, U.S. Government 
Printing Office, Washington, D.C., 1993. Mycobacterial 
strains which were previously considered to be nonpath- 
ogenic strains (e.g., M. avium) have now become major 
killers of immunosuppressed AIDS patients. Moreover, 
current Mycobacterial vaccines are either inadequate, 
in the case of the BCG vaccine to M. tb. t or, with regard 
to M. leprae, unavailable. Kaufmann, S., Microbiol. Sci. 
4:324-328 (1987); U.S. Congress, Office of Technology 
Assessment, The Continuing Challenge of Tuberculo- 
sis, pp. 62-67, OTA-H-574, U.S. Government Printing 
Office, Washington, D.C., 1993. 
[0025] The major response to mycobacteria involves 
celt mediated delayed hypersensitivity (DTH) reactions 
with T cells and macrophages playing major roles in the 
intracellular killing and containing or walling off (granu- 
loma formation) of the organism. A major T cell re- 
sponse involves CD4+ lymphocytes that recognize my- 
cobacterial heat shock proteins (such as hsp65) as im- 
munodominant antigens. Kaufmann, S.H., etai, Eur. J. 
Immunol. 1 7:351 -357 (1 987). Yet, mycobacteria contain 
an extraordinary proportion of lipids, amounting to 40% 
of the dry weight of bacillus and 60% of the cell wall. 
Goren, M.B., and Brennan, P.J., Mycobacterial Lipids: 
Chemistry and Biologic Activities in Tuberculosis, 1979. 
Perhaps the most numerous and diverse members of 
mycobacterial lipids are the mycolic acids. These ot- 
branched, p-hydroxy fatty acids are a unique set of 
structures that are found in mycobacteria and related 
bacterial species. Wolinsky, E., "Mycobacteria," Chap- 
ter 37 in Microbiology: Including Immunology and Mo- 
lecular Genetics, 3rd Ed., Davis, B.H., ed., Harper & 
Row, Philadelphia, 1980. 

[0026] Mycolic acids are principally found in the cell 
wall, esterified to arabinogalactan polymers linked to the 
core peptidoglycan (McNeil, M.R., and Brennan, P. J., 
Res. Microbiol. 1 42:451 -563 (1991); Besra, G.S., Bio- 
chemistry 30:7772-7777 (1991); McNeil, M., era/., Jour- 
nal of Biological Chemistry 266:13217-13223 (1991)) 
and can be released by either alkaline or acid hydrolysis 
(saponification). Minnikin, D.E., "Mycolic acids" in CRC 
Handbook of Chromatography: Analysis of Lipids, Mur- 
hergee, K.D... and Weber, N., eds., CRC Press, 1993. 
Mycolic acids are the major component of the lipid coat 
surrounding the organism, giving the organism its hy- 
drophobic surface and characteristic acid fast staining. 
Goren, M.B.., and Brennan, P. J., Mycobacterial Lipids: 
Chemistry and Biologic Activities in Tuberculosis, 1979. 
[0027] Unlike eukaryotic and bacterial fatty acids, 
which range in size from C 12 -C 2 4, mycolic acids of My- 



cobacteria range in size from C^-Cqq. Minnikin, D.E., 
"Lipids: Complex Lipids, their Chemistry, Biosynthesis 
and Roles" in The Biology of Mycobacteria, Vol. 1 , 
Ratledge, C, and Sanford, J., eds., Academic Press, 

5 London, 1982. Mycolic acids, in contrast to the straight 
chain fatty acids, have a branched alkyl group at the a 
carbon and a hydroxyl group at the p carbon. Goren, M. 
B.., and Brennan, P.J., Mycobacterial Lipids: Chemistry 
and Biologic Activities in Tuberculosis, 1979; Minnikin, 

10 D.E., "Lipids: Complex Lipids, their Chemistry, Biosyn- 
thesis and Roles" in The Biology of Mycobacteria, Vol. 
1, Ratledge, C, and Sanford, J., eds., Academic Press, 
London, 1982; Takayama, K., and Qureshi, N., "Struc- 
ture and Synthesis of Lipids" in The Mycobacteria: A 

15 Sourcebook, Pan A, Kubica, G.P., and Wayne, L.G., 
eds., Marcel Dekker, New York & Basel, 1984. The main 
long alkyl chain of the mycotic acid (the so-called mero 
group) is heterogenous both in length and in attached 
functional groups. In addition to atkene groups (double 

20 bonds), the functional groups of mycolic acids include 
methoxyl, keto, lone methyl barances, ethylenic and cy- 
clopropanoid groups. Minnikin, D.E., "Lipids: Complex 
Lipids, their Chemistry, Biosynthesis and Roles" in The 
Biology of Mycobacteria, Vol. 1 , Ratledge, C, and San- 

25 ford, J., eds., Academic Press, London, 1982. The large 
array of functional groups available to mycolic acids, 
their variable chain length, and their heterogeneity 
among strains, allow mycolic acids to achieve a poten- 
tially large degree of antigenic variation similar to that 

30 provided by peptides with heterogeneity among amino 
acid side chains. Thus, these lipid molecules may have 
an immunological relevance not previously appreciated. 
For each mycobacterial species a distinguishable fin- 
gerprint exists based on the patterns of mycolic acid 

35 molecules present. Such patterns have been deter- 
mined for individual species by thin layer chromatogra- 
phy (TLC). Minnikin, D.E., "Lipids: Complex Lipids, their 
Chemistry, Biosynthesis and Roles" in The Biology of 
Mycobacteria, Vol. 1, Ratledge, C, and Sanford, J., 
eds., Academic Press, London, 1982; Dobson, G., etai, 
Chemical Methods in Bacterial Systematics, Academic 
Press, 1985; Valero-Guillen, P.L., et ai, Journal of Ap- 
plied Bacteriology 59:113-126 (1985)), gas chromatog- 
raphy (GC) (Valero-Guillen, PL., et ai, Journal of Ad- 
as plied Bacteriology 59:113-126 (1985); Athalye, M.,efa/., 
Journal of Applied Bacteriology 58:507-512 (1985); Lu- 
quin, M., et ai, Journal of Clinical Microbiology 29: 
1 20-1 30 (1 991 )) and by high pressure liquid chromatog- 
raphy (HPLC). Qureshi, N., et ai, Journal of Biological 

50 Chemistry 253:5411-5417 (1978); Qureshi, N., et ai, 
Journal of Biological Chemistry 255:182-189 (1980); 
Butler, W.R., et ai, Journal of Clinical Microbiology 29: 
2468-2472(1991); Butler, W.R., and Kilburn, J. O., Jour* 
nal of Clinical Microbiology 28:2094-2098 (1 990). 

55 

Summary of the Invention 

[0028] Various aspects of the invention provide 
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a method for producing a vaccine containing a 
CD1 -presented antigen, 

a vaccine which induces a specific T cell response 
in an animal, 

the use of a CD-1 presented antigen (or its function- 
al equivalent) for the manufacture of a medicament 
which induces a specific T cell response for vacci- 
nation, 

a CD1 -blocking agent which inhibits CD1 -restricted 
antigen presentation, 

a method for inhibiting CD1 -restricted antigen pres- 
entation by CD1+ cells, 

a method for detecting a CD1 -presented antigen in 
a sample, 

a method of isolating a CD1 -presented antigen from 
a sample, and 

an isolated CD1 -presented antigen, as set out in the 
appended claims. 

[0029] In one aspect the invention provides a method 
for producing a vaccine containing a CD1- presented 
antigen comprising the steps of 

(a) incubating a sample containing a CD1 -present- 
ed antigen with CD1 positive cells; 

(b) separating said CD1 -positive cells displaying 
CD1 -bound antigen from said sample; 

(c) separating the CD1 -presented antigen from said 
CD1 -positive cells displaying said antigen; and 

(d) formulating said separated CD1 -presented an- 
tigen so as to form a vaccine. 

[0030] In another aspect the invention provides a 
method for producing a vaccine containing a CD1 - pre- 
sented antigen comprising the steps of 

(a) fractionating a sample containing a CD1 -pre- 
sented antigen into two or more fractions; 

(b) testing said fractions for the presence of a 
CD1 -presented antigen; and 

(c) formulating one or more fractions which contains 
said CD1 -presented antigen so as to form a vac- 
cine. 

[0031] In another aspect the invention further pro- 
vides a method wherein: 

(a) said CD1 -presented antigen is presented by a 
CD1 molecule selected from the group consisting 
of CD1a, CD1b, CD1c, CD1d and CD1e; or 

(b) said CD1 -presented antigen is isolated from a 
Mycobacterial species selected from the group con- 
sisting of M tuberculosis, M bovis, M leprae, M. for- 
tuitum and M. Avium. 

[0032] In a further aspect the invention provides a 
vaccine which induces a specific T cell response in an 
animal upon administration to said animal, the vaccine 



comprising an effective specific T cell-inducing amount 
of a CD1 -presented antigen or a functional equivalent 
thereof and a pharmaceutical^ acceptable carrier. 
[0033] In another aspect the invention further pro- 
5 vides a vaccine comprising: 

(a) one or more cytokines or other molecules which 
induce CD1 expression on antigen-presenting 
cells; or 

10 (b) one or more different antigens. 

[0034] In a further aspect the invention provides the 
use of a CD1 -presented antigen (or its functional equiv- 
alent) for the manufacture of a medicament which in- 
'5 duces a specific T cell response for vaccination. 

[0035] In another aspect the invention further pro- 
vides a vaccine or the use of a vaccine wherein a 
CD1 -presented antigen is 

20 (a) isolated from saponified 6,6-trehalose dimyco- 
late; or 

(b) is a lipid; or 

(c) is a mycolic acid. 

25 [0036] In a further aspect the invention provides a 
CD1 -blocking agent which inhibits CD1 -restricted anti- 
gen presentation selected from the group consisting of 
an antibody, a synthetic peptide, an inhibitor of CD1 -re- 
stricted antigen presentation, and an antigen antagonist 

30 derived from a CD1 -presented antigen. 

[0037] In a further aspect the invention provides a 
method for inhibiting CD1 -restricted antigen presenta- 
tion by CD1 -positive cells comprising the step of con- 
tacting cells displaying a CD1 molecule with a CD1 

35 blocking agent, excluding methods for treatment of the 
human or animal body by therapy. 
[0038] In a further aspect the invention provides an 
isolated CD-1 presented antigen producible by a meth- 
od and a method for detecting a CD1 -presented antigen 

40 in a sample comprising the steps of: 

(a) contacting said sample with CD1 positive cells; 

(b) contacting said CD1 positive cells with T cells; 
and 

45 (c) measuring the proliferative or cytolytic response 
of said T cells. 

[0039] In a further aspect the invention provides an 
isolated CD-1 presented antigen producible by a meth- 
50 od and a method for isolating a CD1 -presented antigen 
from a sample comprising the steps of: 

(a) incubating said sample with CD1 positive cells 
which bind said CD1 -presented antigen, in order to 

55 generate CD1 positive cells displaying CD1 -bound 
antigen; 

(b) separating said CD1 positive cells displaying 
CD1 -bound antigen from said sample; and 
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(c) separating the CD1 -presented antigen from said 
CD1 positive cells displaying said antigen. 

[0040] Thus, the present invention is based on the 
novel and unexpected observation that CD1 molecules 5 
function to present foreign antigens as well as autoim- 
mune antigens to T cells. The invention is further based 
on the observation that isolated blood monocytes can 
be induced to express CD1 , and therefore become com- 
petent to present antigens to T cells, by contacting the 
monocytes with granulocyte/macrophage colony stimu- 
lating factor (GM-CSF) and interleukin-4 (IL-4). Based 
on these two observations, the present invention dis- 
closes methods of isolating CD1 + antigen-presenting 
cells (CD1 + APCs) which are used to identify, isolate, 
and purify CD1 -presented antigens, various methods 
for determining whether a sample contains one or more 
CD1 -presented antigens, methods for isolating and pu- 
rifying CD1 -presented antigens, purified CD1 -present- 
ed antigens isolated by the methods disclosed herein, 
and methods of using isolated CD1 -presented antigens 
in vaccines. 

[0041] Methods for determining whether a sample 
contains a CD1 -presented antigen are described. In one 
such method, the presence of a CD1 -presented antigen 
in the sample can be determined by (1) contacting the 
sample with cells which have been induced to express 
a CD1 protein, (2) contacting the cells from the first step 
with CD4~8- (double negative; DN) T cells that specifi- 
cally recognize a CD1 -presented antigen, and (3) meas- 
uring the proliferative or cytolytic response of the DN T 
cells, wherein increased T cell proliferation or T cell-me- 
diated cytolysis of CD1 + target cells, respectively, cor- 
relates with the presence of a CD1 -presented antigen. 
[0042] Methods of determining whether a sample 
contains a CD1 blocking agent, i.e., a composition that 
inhibits CD1 -restricted antigen presentation are also de- 
scribed. The assay for CD1 -presented antigen de- 
scribed above is performed in duplicate, with a first (con- 
trol) assay being performed as above, and a second as- 
say additionally containing a sample suspected of con- 
taining a CD1 blocking agent. The presence of CD1 
blocking agents in the sample correlates with a T cell 
proliferative or cytolytic response in the second assay 
that is less than that measured in the first assay. 
[0043] Induction of CD1 expression in cells, such as 
monocytes, in order to generate CD1 + antigen-present- 
ing cells (APCs) is also described. In one method, CD1 
expression is induced in isolated blood monocytes by 
contacting the cells with one or more cytokines. The pre- 
ferred cytokines for CD1 induction are granulocyte/mac- 
rophage colony stimulating factor (GM-CSF), GM-CSF 
in combination with interleukin-4 (IL-4), or interleukin-3 
(IL-3). CD1 + APCs are cells that express and display 
CD1 proteins and are thus competent to present CD- 
restricted antigens to DN a:p TCR T cells. CD1 + APCs 
are used in several of the methods disclosed herein. 
[0044] CD4-8" (DN) a:|3 TCR T cells for use in the 



methods herein disclosed are also described. DN a:p 
TCR T cells recognize (i.e., specifically bind) 
CD1 -bound antigens and proliferate as a consequence 
of that recognition. Three such isolated cell lines, des- 
ignated DN1, DN2 and DN6, are described herein. 
[0045] Methods for isolating a CD1 -presented antigen 
from a sample are also described. In one such method, 
a sample containing a CD1 -presented antigen is first 
fractionated using conventional techniques. The result- 
ing fractions are then tested using the procedures dis- 
closed herein for the presence of a CD1 -presented an- 
tigen. The fractions containing the CD1 -presented anti- 
gen are then either used in the development of vaccines 
or are further fractionated to obtain higher levels of purity 
of the CD1 -presented antigen. 

[0046] Alternative methods for isolating CD1 -present- 
ed antigens from a sample which rely on the ability of a 
CD1 -presented antigen to bind either isolated CD1 or 
CD1 expressed on a cell surface are also described. In 
one such method, a sample containing a CD1 -present- 
ed antigen is incubated with either CD1 + APCs or puri- 
fied CD1 molecules. The resulting complexes of anti- 
gen:CD1 + APC or antigen:CD1 molecule are then re- 
moved from the sample and subjected to conditions in 
which the CD1 molecule releases the bound CD1 -pre- 
sented antigen. The released CD1 -presented antigen is 
then purified away from either the CD1 + APC or the pu- 
rified CD1 molecule and may be further characterized 
using conventional immunological, biochemical and/or 
genetic methods. Purified CD1 -presented antigens, or 
synthetic or genetically engineered derivatives thereof, 
are then tested for CD1 -presented antigen activity in the 
procedures disclosed herein, and may be used in the 
formulation of vaccines. 

[0047] Utilizing the above procedures for isolating a 
CD1 -presented antigen, the present invention further 
provides isolated CD1 -presented antigens which have 
been prepared by the methods disclosed herein. The 
isolated CD1 -presented antigens prepared by the dis- 
closed methods can be used either in the characteriza- 
tion of the nature of CD1 -presented antigens, in the de- 
velopment or formulation of vaccines, or in the develop- 
ment of autoimmune therapies. 
[0048] The present invention is further based on the 
observation that CD1 -mediated antigen presentation 
can serve as a basisforthe development of autoimmune 
disease. Based on this observation, the present inven- 
tion provides means for inhibiting CD1 -mediated anti- 
gen presentation by a CD1 + APC. CD1 -mediated anti- 
gen presentation can be inhibited by various composi- 
tions that are described herein or are isolated by the 
methods described herein. 
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[0049] 

FIG. 1 (panels a and b). Expression of CD1a, CD1b 
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and CD1c by monocytes cultured with GM-CSF and 
IL-4, and surface phenotype of CD1 b-restricted T 
cells specific for Mycobacterium tuberculosis. 

Panel a. Flow cytometric analysis of peripheral 5 
blood monocytes cultured for 60 hours in me- 
dium containing GM-CSF and IL-4 showing ex- 
pression of CD1a, CDIband CD1c. Cells were 
stained with control monoclonal antibody 
(m Ab) (dotted line) or mAbs with the specificity 10 
indicated in each histogram box (solid lines). 
Monocytes cultured in the absence of cytokines 
or with interferon-y did not express significant 
levels of CD1a, CD1b or CD1c (data not 
shown). *5 
Panel b. Flow cytometric analysis of T cell line 
DN1 showing its expression of ct:p TCRs, non- 
expression of CD4, and minimal or non-expres- 
sion of CD8 (dotted and solid lines represent 
control and specific mAbs as in panel a). 20 

FIG. 2 (panels a-d). Antigen specificity and self re- 
striction of proliferative responses of CD4 _ 8- T cell 
line DN1 and its subclone DN1 .C7. 

25 

Panel a. Proliferative responses (counts per 
minute (CPM)) of 3 H-thymidine incorporated) 
of DN1 to M. tuberculosis (solid squares), M. 
leprae (solid circles), Escherichia coli (open cir- 
cles) and tetanus toxoid (open squares). Anti- 30 
gen presenting cells were heterologous 
GM-CSF- and IL-4-treated CD1 + monocytes. 
Antigen concentration (based on protein con- 
tent) is shown on the x-axis. 
Panel b. Proliferative response of T cell line 35 
DN1 to M. tuberculosis (1 jig protein/ml) re- 
quires CD1 + antigen presenting cells (CD1 + 
APCs). APCs indicated by symbols as follow: 
no APCs, open square; GM-CSF and IL-4 treat- 
ed monocytes (CD1 + APCs), closed circles; IF- 40 
Ny treated monocytes (CD1 + ), open circles; 
freshly isolated monocytes (CD1 + ), open trian- 
gles. The number of APCs added to each cul- 
ture is shown on the x-axis. 
Panel c. APCs from all donors tested support- 45 
ed the proliferative response of T cell line DN1 
to M. tuberculosis. Open bars, T cells plus 
APCs without M. tuberculosis; solid bars, T 
cells plus APCs with M. tuberculosis (1 \ig pro- 
tein/ml). APCs were GM-CSF and IL-4 treated 50 
peripheral blood mononuclear cells from five 
unrelated donors. HLA typing confirmed that no 
allele of the HLA-A, -B, -C.-DR, -DP or -DQ loci 
was shared among all five donors (data not 
shown). 55 
Panel d. Anti-CD1b mAb specifically inhibited 
the proliferative response of DN1 and DN1.C7 
to M. tuberculosis (1 \xg protein/ml). APCs were 



GM-CSF- and IL-4-treated monocytes. Solid 
bars, proliferative response of T cells to APCs 
with M. tuberculosis (1 fig protein/ml); dotted 
lines, response to APCs in the absence of M. 
tuberculosis', "nd," not determined. Monoclonal 
antibodies used were P3 (control IgG), OKT6 
(anti-CD1a), WM-25 (anti-CD1b; Favaloro, E. 
J., et ai, Disease Markers 4:261-270 (1986)), 
10C3 (anti-CD1c), W6/32 (anti-MHC Class I), 
and IVA12 (anti-MHC Class II; Shaw, S., Hum. 
Immun. 12:191-211 (1985)). 

FIG. 3. A comparison of the ability of antigen pre- 
senting cell lines CR1 and cytokine stimulated 
monocytes to stimulate growth of T cell lines 
2.13.DN1 and G7, clones derived from T cell line 
DN1 . Open bars, T cells plus APCs without M. tu- 
berculosis; solid bars, T cells plus APCs with M. tu- 
berculosis (1 u.g protein/ml). 
FIG. 4 (panels a-d). Presentation of M. tuberculosis 
by CD1 transfectantsofthe lymphoblastoid cell line 
C1R. C1R cells stably transfected with vector 
pSRa-NEO DNA (mock) or with constructs of 
pSRa-NEO containing cDNAs encoding the indicat- 
ed CD1 molecule (CD1a, CD1b and CD1c) were 
cultured for 12 hours in medium alone (open bars) 
or in medium containing M. tuberculosis (25 ng pro- 
tein/ml, filled bars), labeled with 51 Cr and used as 
target cells for cytolytic assay with various effector 
T cells. The effector T cell to target cell ratio was 
50:1. 

Panel a. M. tb. CD1b-presented Ag-specific T 
cell line DN1. 

Panel b. DN1 subclone DN1.C7. 
Panel c. CD1a autoreactive clone BK6. 
Panel d. CD1c autoreactive clone 3C8. 

FIG. 5 (panels a-c). CD1 b restricted presentation of 
M. tuberculosis antigen does not require MHC 
Class II region encoded molecules, but does in- 
volve antigen processing by a chloroquine sensitive 
pathway. 

Panel a. Lysis of CD1 T2transfectantsbyTcell 
line DN1 . T2 cells transfected with vector DNA 
alone (mock transfectant) are indicated by cir- 
cles, and T2 cells transfected with CD1 b by tri- 
angles. Open symbols represent target cells 
not preincubated with M. tuberculosis, and 
filled symbols represent target cells preincubat- 
ed for 12 hours with M. tuberculosis (10 ug pro- 
tein/ml). Flow cytometric analysis showed that 
incubation of CD1 b transfected T2 cells with M. 
tuberculosis had no effect on CD1 b expression 
(data not shown). 

Panel b. Glutaraldehyde fixation of CD1b + 
APCs prevents presentation of M. tuberculosis 
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to line DN1. CD1b + APCs (GM-CSF- and IL- 
4-treated peripheral blood mononuclear cells, 
PBMCs) were cultured for 12 hours in the pres- 
ence of M. tuberculosis (1 \ig protein/ml; 
"Pulsed APCs") or in medium alone ("Unpulsed 5 
APCs"), harvested and an aliquot of each cell 
suspension was fixed with 0,01 25% glutaralde- 
hyde for 30 seconds. The resulting APC prep- 
arations were tested for their ability to stimulate 
proliferation of line DN1 in the absence (open 10 
bars) or presence (solid bars) of soluble M. tu- 
berculosis antigen (1 \ig protein/ml). 
Panel c. Inhibition of CD1b restricted presenta- 
tion of M. tuberculosis by chloroquine. CD1b + 
APCs from an HLA-DR7 + individual were *5 
pulsed with M. tuberculosis antigen for 60 min- 
utes at 37°C in the presence of the indicated 
concentration of chloroquine, fixed with glutar- 
aldehyde, and used as APCs in proliferative as- 
says with line DN1 (solid circles) or with the M. 20 
tuberculosis specific, HLA-DR7 + restricted 
CD4 + T cell line DG.1 (open triangles). Results 
are expressed as percent inhibition of respons- 
es compared to fixed APCs pulsed with M. tu- 
berculosis in the absence of chloroquine, and 25 
are representative of three similar experiments. 

FIG. 6. Effect on the proliferative response of T cell 
line DG.1 to M, tuberculosis antigen of digestion of 
antigen with the indicated proteases. 30 
FIG. 7. Effect on the proliferative response of T cell 
line DN1 to M. tuberculosis antigen of digestion of 
antigen with the indicated proteases. 
FIG. 8. Effect on the proliferative response of T cell 
line DN1 to M. fortuitum antigen of digestion of an- 35 
tigen with the indicated proteases. 
FIG. 9 (panels a-c). The Mycobacterial antigen rec- 
ognized by a DN a:p TCR + T cell line quantitatively 
partitions into the organic phase after extraction 
with organic solvents and is CD1b restricted. Ex- *o 
traction with organic solvents differentiates the 
CD1b-restricted Mycobacterial antigen from Myco- 
bacterial antigens recognized by a conventional 
MHC class II restricted CD4 + a:p TCR + T cell line 
and the small nonprotein Mycobacterial ligand rec- 45 
ognized by DN y5 (Vy2V52) TCR + T cells. Pfeffer, 
K., et a/., J. Immunology 148:575-583 (1992). Total 
Mycobacterial sonicates were extracted with chlo- 
roform/methanol/H 2 0 and the resultant three phas- 
es were assayed by culturing T cells with CD1 + 50 
monocytes and the indicated dilutions of the various 
antigen preparations. 

Panel a. Proliferative response of the CD1 b-re- 
stricted DN T cell line DN1 to total mycobacte- 55 
rial sonicates (H, dashed line), organic phase 
(□, solid line), aqueous phase (O, solid line) or 
interface (H, solid line). Antigen concentration 



along the x axis is depicted as 1 /dilution nor- 
malized to the standard total sonicate prepara- 
tion. 

Panel b. Proliferative response of the HLA-DR7 
(MHC) restricted Mycobacterial specific CD4 + 
T cell line DG.1 to Mycobacterial fractions after 
extraction with organic solvents. 
Panel c. Proliferative response of the Vy2V52 
T cell clone DG.SF68 to Mycobacterial frac- 
tions after extraction with organic solvents. 

FIG. 10. Cytolytic response of the DN1 line to CD1 
transfectants of C1R cells pulsed with Mycobacte- 
rial antigen preparations. CD1 b or CD1c transfect- 
ants (Porcelli, S., et a/., Nature 347:447-450 (1989)) 
of C1R lymphoblastoid cells were used as targets 
in a standard cytolytic assay pulsed either with M. 
tuberculosis antigen preparations after extraction 
with organic solvents (+) or media alone (-). Recog- 
nition by the T cell line DN1 of C1 R cells transfected 
with CD1b occurs only when pulsed with antigen. 
No antigen specific recognition occurs for CD1c + 
targets. 

FIG. 11. The chemical structure of 6,6-trehalose 
dimycolate (cord factor). 

FIG. 12 (panels a-c). The Mycobacterial antigen 
recognized by the CD1b-restricted T cell line DN1 
is mycolic acid. 

Panel a. The proliferative response of the 
CD1b-restricted T cell line DN1 correlates with 
mycolic acid peaks on reverse phase C18 
HPLC. The purified Mycobacterial acyl chain 
fraction containing all the CD1 b-restricted anti- 
gen was chromatographed using reverse 
phase HPLC and the resulting fractions as- 
sayed for the ability to stimulate a proliferative 
response by the T cell line DN1 . The upper part 
of the panel displays the absorbance spectrum 
at 254 angstrom (expressed as optical density 
units, OD, x 10* 4 ) (solid line) of the eluted ma- 
terial and the corresponding methylene chlo- 
ride concentration (dotted line) of the elution 
gradient. The large absorbance peak eluting 
between 2 to 6 minutes is free bromophenacyl 
bromide, thederivitizing agent. The bottom part 
of the panel shows the proliferative response 
of the T cell line DN1 to each one minute frac- 
tion. The CD1 b-restricted antigen response is 
seen as a broad peak correlating with mycolic 
acid. 

Panel b. Saponified 6,6-trehalose dimycolate 
(cord factor), but not saponified trehalose dibe- 
henate, stimulates a proliferative response by 
the CD1 b restricted T cell line DN1 . Mycolic ac- 
ids were generated by saponification of purified 
trehalose dimycolate from either M. tuberculo- 
sis (H37Ra) or M. kansasii. Trehalose dibehen- 
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ate (synthetic cord factor) was treated in an 
identical fashion. Antigen concentration is ex- 
pressed in ng/ml of cord factor along the x axis. 
Panel c. Reversed phase HPLC analysis of pu- 
rified trehalose dimycolate from M. tuberculosis 5 
(H37Ra) results in the stimulation of the CD1 b- 
restricted T cell line DN1 by fractions corre- 
sponding to mycolic acid peaks. The saponified 
trehalose dimycolate of M. tuberculsis was 
chromatographed as in the experiment shown w 
in panel a, and fractions assayed for the ability 
to induce a proliferative response by the line 
DN1. As is seen in panel a, bioactivity corre- 
lates with early mycolic acid peaks. 

15 

FIG. 13. Cytolytic response of the DN1 T cell line to 
CD transfectants of C1R cells pulsed with mycolic 
acid prepared from M. tb. cord factor (Sigma) by sa- 
ponification. CD1 a, CD1 b, CD1 c or mock transfect- 
ants of C1 R lymphoblastoid cells were pulsed with 20 
mycolic acids prepared from trehalose dimycolate 
(+) or media alone (-) and used as targets in cytolytic 
assays, the results of which are given as % specific 
lysis. 

FIG. 14. Mycolic acid is not mitogenic, but a specific 25 
antigen restricted by CD1b and recognized by the 
T cell line DN1 . Four T cell lines specific for Myco- 
bacteria and two additional T cell lines were tested 
for the ability to respond to either total M. tubercu- 
losis sonicates, mycolic acid preparations from pu- 30 
rifled cord factor or HPLC purified mycolic acids 
from either M. tb, sonicates or cord factor. The re- 
sponses of three representative Mycobacterial spe- 
cific T cell lines are shown, DN1 (□) (DN, CD1b- 
restricted, ct:p TCR + ), DG.1 (D) (CD4 + , HLA-DR7 35 
restricted, a:p TCR + ) and DN6 (O) (DN, CD1c-re- 
stricted, a:p TCR + . APCs for all six T cell lines tested 
were identically GM-CSF- and IL-4-treated (CD1 + ) 
PBMCsfrom an HLA-DR7 positive individual. 

AO 

Upper panel. Proliferative responses of three 
Mycobacterial specific T cell lines to total son- 
icates of M. tb. (H37Ra, Sigma). Antigen con- 
centration is displayed on the x axis as cpm x 
10 3 . The three T cell lines shown all respond *5 
to total Mycobacterial sonicates. 
Middle panel. Proliferative response to HPLC- 
purified mycolic acids isolated from M. tb. son- 
icates. Only the CD1 b-restricted T cell line DN1 
responds to purified mycolic acid. 50 
Bottom panel. Proliferative responses to 
HPLC-purified mycolic acids generated from 
purified M. tb. cord factor (Sigma). Only the 
CD1 b-restricted T cell line DN1 proliferates in 
response to cord factor mycolic acids. Not 55 
shown are three additional T cell lines tested in 
the same experiment, SP-F3 (Roncarlo, M.G., 
et a/., J. Exp. Medicine 168:21 39-21 52 (1988)) 



(CD4 + ct:P TCR + , DR restricted, tetanus toxoid 
specific), CP.1 .1 5 (Morita, C.T, et a/., Eur. J. Im- 
munol. 27:2999-3007 (1991)) (DN, Vy2V62 
TCR + , Mycobacterial specific), BK6 (Porcelli, 
S., Nature 341447-450 (1989) (DN, ct:p TCR + , 
autoreactive to CD1a). All three did not respond 
to purified mycolic acids, but two proliferated in 
response to their specific antigen (tetanus tox- 
oid - SP-F3, < 1 kDa M. tuberculosis prepara- 
tion - CP 1.1 5). BK6 exhibits cytolytic activity 
against CD1a, but is unable to proliferate in re- 
sponse to CD1 a + APCs of any type tested. Por- 
celli, S., Nature 341:447-450 (1989). 

FIG. 15. Effect of the indicated monoclonal antibod- 
ies on the proliferative response of T cell line 
2.13.DN1 (DN1, upper panel) and 8.23.DN1 (DN2, 
lower panel). 

FIG. 16. C Die-restricted presentation of M. tuber- 
culosis antigen to T cell line DN2. The results of cy- 
tolytic assays of CR1 cells transfected with vector 
(mock, panel a) and with DNA molecules encoding 
the indicated CD1 protein (CD1 a, CD1 b and CD1 c), 
wherein the transfected cells were either pre incu- 
bated with (filled circles) or without (open circles) 
M. tuberculosis. 

FIG. 17. CD1 c-restricted presentation of M. tuber- 
culosis antigen to T cell line DN6. The results of cy- 
tolytic assays of CR1 cells transfected with vector 
(mock, panel a) and with DNA molecules encoding 
the indicated CD1 protein (CD1a, CD1b and CD1c) 
wherein the transfected cells were either preincu- 
bated with (filled circles) or without (open circles) 
M. tuberculosis. 

FIG. 18. Proliferative response of the CD1 c-restrict- 
ed cell line DN6 to M. tb. antigens in sonicates after 
extraction of the antigens with organic solvents. 
Proliferation is in cpm ( 3 H thymidine incorporation) 
displayed on the y axis. APCs were CD1 expressing 
monocytes. Antigens were titered over 6 logs and 
the results from a representative point (1:3,750 di- 
lution of antigen) are shown. Background cpm (de- 
fined from a media alone control) were subtracted 
from all values. 

FIG. 19. Proliferative response of the CD1 c-restrict- 
ed cell line DN6 to M. tb. antigens in sonicates be- 
fore and after saponification of the antigens. Prolif- 
erative response in cpm is displayed on the y axis 
and the concentration of antigen (shown as 1 /dilu- 
tion) is displayed on the x axis. The equivalent of 
10 mg of M. tb. (strain H37Ra; Difco) was sonicated 
in PBS and was either used directly or first saponi- 
fied. All antigen dilutions were normalized to the 
standard initial concentration of 200 mg lyophilized 
bacteria in 5 ml. 
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Description of the Preferred Embodiments 
Glossary 

[0050] Antigen: A molecule or composition of matter 
which (1 ) induces an immune response in an animal and 
(2) interacts specifically with one or more antigen-rec- 
ognizing components of the animal's immune system. 
[0051] Foreign antigen: An antigen which is not en- 
dogenous to a normal, healthy animal. 
[0052] Autoimmune antigen: A normal endogenous 
molecule or composition of matter in an animal which is 
an antigen in an autoimmune disease. Synonymous 
with "self antigen" and "autoantigen." 
[0053] CD1 -presented antigen: An antigen which is 
bound by a member of the CD1 family of proteins and 
displayed on the surface of an CD1 + APC. CD1 -present- 
ed antigens vary in their size and composition depend- 
ing on their origin and the member of CD1 family they 
are recognized by. As used herein, the term "CD1 -pre- 
sented antigen" includes those antigens identified here- 
in and/or those antigens isolated using the procedures 
disclosed herein. Synonymous with "CD1 -restricted an- 
tigen." "CD1 -bound antigen" designates a CD1 -present- 
ed antigen that is bound to its appropriate CD1 mole- 
cule. 

[0054] CD 7 family of proteins: A collection proteins 
which have been identified by their structure, immuno- 
logic cross-reactivity and/or distribution as being related 
to known CD1 molecules. A specific CD1 protein may 
be referred to as a member of the CD1 family of proteins. 
Members of the CD1 family of proteins include, but are 
not limited to, CD1a, CD1b, CD1c, CD1d and CD1e(see 
Porcelli, S., ef a/., Immun. Rev. 720:137-183 (1991)). 
[0055] CD 7 positive cell: A cell which expresses and 
displays one or more members of the CD1 family of pro- 
teins. Synonymous with "CD1 + cell." One skilled in the 
art can use the procedures described herein, or known 
in the art, for determining whether a cell is expressing 
one or more members of the CD1 family of proteins (see 
Example 1 and Porcelli, S., Immun. Rev. 720:137-183 
(1991)). 

[0056] Antigen-presenting cell (APC): A cell which 
displays antigen molecules on its surface via protein 
carriers and which presents antigen to T cells. Antigen- 
binding protein carriers include MHC class I molecules, 
MHC class II molecules and CD1 molecules; the corre- 
sponding APCs are designated MHC l + APCs, MHC IT 
APCs and CD1 + APCs. 

[0057] CD1 -restricted T cell: A mature peripheral 
blood TCR positive (TCR + ) lymphocyte which can rec- 
ognize a CD1 -bound CD1 -presented antigen. The def- 
inition of CD1 -restricted T cells is more narrow than the 
art-recognized definition for T cells since it is limited to 
the subset of T cells which interact with a CD1 -bound 
CD1 -presented antigen. The preferred CD1 -restricted T 
cells of the present invention are characterized as being 
CD4-8-. 



[0058] CD4-8- Tcell: A mature peripheral blood TCR + 
lymphocyte which does not express CD4 and CD8. Syn- 
onymous with "double negative T cell" and "DN T cell." 
Techniques for identifying CD4-8" T cells are well known 

5 in the art and can readily be employed in the present 
invention, for example using flow cytometry as de- 
scribed in Example 1 and in Panchomoorthy, G., et a/., 
J. immuno. 747:3360-3369 (1991)). Using such proce- 
dures, three CD4-8" T cell lines, designated DN1, DN2 

10 and DN6, have been isolated and are described herein. 
DN2 and DN6 appear to be equivalent expect that DN6 
displays a better growth rate. 

[0059] Adjuvant: A molecule or composition of matter 
which, when introduced into an animal with an antigen, 

15 enhances the immune response to that antigen. 

[0060]- Genetically engineered: Subject to human ma- 
nipulation intended to introduce genetic change. 
[0061] Sample: Any solution, emulsion, suspension, 
or extract which can be tested using the procedures dis- 

20 closed herein. A sample may be, but is not limited to, a 
soluble extract or an organic extract. Examples 1 and 2 
provide various types of samples derived from Myco- 
bacterium tuberculosis. 

[0062] Contacting: The process of incubating one 
25 item in the presence of another. Therefore, when a cell 
is contacted with a sample, the cell is incubated with the 
sample. 

[0063] Fractionating: Subjecting a sample to condi- 
tions or procedures which separate the components of 

30 the sample based on physical or chemical properties 
such as, but not limited to, size, charge, solubility, or 
composition. Examples of fractionation procedures in- 
clude, but are not limited to, selective precipitation, or- 
ganic extraction, size exclusion dialysis or chromatog- 

35 raphy, and ion exchange chromatography. 

[0064] Expressing: The process of producing a gene 
product by transcription of a DNA molecule to generate 
a corresponding mRNA molecule that is translated into 
a polypeptide by ribosomes and associated cellular fac- 

40 tors. 

[0065] Displaying: The process of localizing a protein, 
or a protein :antigen complex, to the outermost surface 
of a cell where the protein or protein .antigen complex is 
accessible to a second cell or to molecules displayed by 
45 a second cell. A protein, or a protein-antigen complex, 
is said to be displayed by a cell when it is present on the 
outermost surface of the cell and is thus accessible to 
a second cell and/or to molecules displayed by a second 
cell. 

50 [0066] Processing of antigen: The process by which 
an antigen is treated by cellular factors in order to be 
made competent for displaying. 
[0067] CD 7 blocking agent: A composition or com- 
pound which is capable of blocking the interaction of a 

55 CD1 -presented antigen with CD1 , or of blocking the in- 
teraction between CD1:antigen complexes and their 
cognate T cell receptors. Blocking agents include (1) 
agents which bind to CD1 P (2) agents which bind to a 
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CD1 -presented antigen, (3) agents which bind to a CD1 : 
antigen complex, (4) agents which bind to a T cell re- 
ceptor that recognizes a CD1:antigen complex and (5) 
agents which prevent the processing of a CD1 -present- 
ed antigen. 

[0068] The present invention is based on the novel 
and unexpected observation that CD1 molecules func- 
tion to present antigens to T cells. The invention is fur- 
ther based on the observation that cells can be induced 
to express CD1, and therefore become competent to 
present antigens to T cells by contacting the cells with 
cytokines such as granulocyte/macrophage colony 
stimulating factor (GM-CSF) and interleukin-4 (IL-4). 
Based on these two observations, the present invention 
discloses various methods for determining whether a 
sample contains a CD1 -presented antigen, methods for 
isolating and purifying CD1 -presented antigens, purified 
CD1 -presented antigens isolated by the methods dis- 
closed herein, as well as methods for isolating CD1 pos- 
itive cells which are capable of being used in the iden- 
tification, isolation, and purification of CD1 -presented 
antigens. 

[0069] In one embodiment, the present invention pro- 
vides methods for determining whether a sample con- 
tains a CD1 -presented antigen. In one such method, the 
presence of a CD1 -presented antigen in a sample can 
be determine by first contacting the sample with a CD1 
positive cell, second, contacting the cell of the first step 
with a T cell, and then measuring the proliferation of the 
T cell. 

[0070] Methods of characterizing classes of T cells, 
and of isolating subpopulations of T cells, have been de- 
scribed. Wysocki, L.J., and Sato, V.L., Proc. Natl. Acad. 
Sci. (USA) 75:2844-2848 (1978); Wasik, M.A., and Mo- 
rimoto, C, J. Immunol. 744:3334-3340 (1990); Har- 
riman, G.R., era/., J. Immunol. 745:4206-2414 (1990); 
Koulova, L, ef a/. # J. Immunol. 745:2035-2043 (1990); 
Steward, M., and Male, D., Chapter 25 in Immunology, 
2d Ed., Roitt, I., era/., eds., Gower Medical Publishing, 
London, New York, 1989. Methods of culturing T cells 
in vitro, and of immortalizing T cells via fusion to non- 
growth restricted cells such as myelomas, have been 
described. Paul, W.E., et ai, Nature 294:697-699 
(1981); Williams, N., Nature 296:605-606 (1982). Tech- 
niques for identifying CD4 _ 8" T cells are well known in 
the art and can readily be employed in the present in- 
vention, for example using flow cytometry as described 
in Example 1 and by Panchomoorthy, G., et ai, J. Im- 
muno. 747:3360-3369 (1991)). The present invention 
advances these techniques by providing methods for 
enriching T cell populations to obtain isolated T cell 
clones which are reactive to CD1 -presented antigens. 
A population of T cells is allowed to divide and a sub- 
population of mixed T cells is isolated based on prolif- 
eration in the presence of CD1 + APCs and CD1 -pre- 
sented antigen, or on cytolytic activity against transfect- 
ed cells expressing CD1 molecules in the presence of 
a CD1 -presented antigen. Using such procedures, three 



CD4-8- T cell lines, designated DN1, DN2 and DN6, 
have been isolated and are described herein. DN2 and 
DN6 appear to be equivalent except that DN6 displays 
a better growth rate. 

5 [0071] Induction of CD1 expression on a cell is also 
described. In one such method, a cell can be induced 
to express CD1 by contacting the cell with one or more 
cytokines. The preferred cytokines for CD1 induction 
are granulocyte/macrophage colony stimulating factor 

10 (GM-CSF), GM-CSF in combination with interleukin-4 
(IL-4), or interleukin-3 (IL-3). Example 1 discloses that 
monocytes can be induced to express various members 
of the CD1 family by contacting the monocyte with 1 00 
units each of GM-CSF and IL-4 for 60 hours in RPMI- 

15 1640 supplemented with 10% fetal calf serum. Using the 
methods and materials disclosed herein, one skilled in 
the art can readily vary the contacting time, cytokine 
type and concentration, and contacting conditions to ob- 
tain similar results so long as the contacting step is suf- 

20 ficient to induce CD1 expression. 

[0072] Several procedures are known in the art for de- 
termining the proliferation of T cells and can be used in 
the above methods. One skilled in the art can readily 
adapt such procedures for use in the present invention. 

25 One such procedure, described in Example 1, meas- 
ures the rate of incorporation of 3 H-thymidine via liquid 
scintillation and by methods described in Morita, C.T., 
et a/., Eur. J. Immunol. 27:2999-3007 (1991)). 
[0073] Methods for isolating a CD1 -presented antigen 

30 from a sample are also described. In one such method, 
a sample is first fractionated using conventional proce- 
dures. The fractions of the sample are then tested for 
the presence of a CD1 -presented antigen as outlined 
above. Examples 2 and 3 describes fractionation pro- 

35 cedures using organic extraction with chloroform meth- 
anol and silicic acid chromatography to fractionate a 
sample containing an extract of M. tuberculosis to purify 
a CD1 -presented antigen. 

[0074] The present invention further provides meth- 
40 ods for isolating a CD1 -presented antigen which rely on 
the specificity of binding of CD1 to a CD1 -presented an- 
tigen. In one such method, a sample containing a 
CD1 -presented antigen is first contacted with either pu- 
rified CD1 , or a cell which expresses and displays CD1 
45 (a "CD1 + cell"). The resulting antigen:CD1 complex, or 
antigen:CD1 + cell complex, is then separated from the 
sample. Using such a procedure, a purified antigen: CD1 
complex or antigen:CD1 + cell complex is obtained. To 
further purify the CD1 -presented antigen, either type of 
50 complex is treated under appropriate conditions such 
that the CD1 -bound antigen will be released from the 
CD1 molecule. 

[0075] The above two isolation methods can be com- 
bined by the skilled artisan to derive other methods for 
55 isolating CD1 -presented antigens. In one such combi- 
nation, a sample is fractionated, as described above, 
prior to performing a purification method which relies on 
the binding of a CD1 -presented antigen to CD1. 
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[0076] The present invention further provides 
CD1 -presented antigens which are identified or isolated 
using the procedures disclosed herein. Unlike MHC- 
presented antigens, CD1 -presented antigens are not 
polypeptides. One CD1 -presented nonpeptide antigen, 
described in detail in Examples 2-4, is a lipid antigen 
isolated from M. tuberculosisihai comprises my colic ac- 
ids. Another CD1 -presented antigen, described in Ex- 
amples 5 and 6, is a more complex lipid. Such antigens 
have use in vaccine formulation and development. 
[0077] The CD 1 -presented antigens of the present in- 
vention (those identified or isolated using the proce- 
dures disclosed herein) are readily usable as vaccines. 
A skilled artisan can employ routine formulation proce- 
dures in order to formulate an isolated CD1 -presented 
antigen for use as a vaccine. See Remington's Pharma- 
ceutical Sciences, 18th Ed., Gennaro, A.R., ed., Mack, 
Easton, 1990; The Pharmacologist Basis of Therapeu- 
tics, 7th Ed., Gilman, A.G., era/., eds., MacMillian, New 
York, 1985. 

[0078] The CD1 -presented antigens of the present in- 
vention can be purified as disclosed herein over a wide 
range of purities. A skilled artisan will know to employ 
various purification strategies in order to obtain a 
CD1 -presented antigen which has been purified to the 
extent required for an intended use. 
[0079] The vaccines of the present invention can be 
formulated using a purified CD1 -presented antigen or 
can be formulated using a CD1 -bound antigen. Because 
CD1-testricted antigens are presented to T cells as a 
complex of antigen and CD1 , the use of an antigen:CD1 
complex can, in some cases, provide superior immuni- 
zation properties. 

[0080] Assays for inhibitors of CD1 -restricted antigen 
presentation to T cells, i.e., CD1 blocking agents are al- 
so described. In one such assay, CD 1 antigen presen- 
tation is inhibited by using a CD1 blocking agent to block 
the ability of a CD1 -restricted antigen to bind to CD1 . As 
used herein, a CD1 blocking agent is said to "inhibit 
CD1 -restricted antigen presentation" when the CD1 
blocking agent decreases (1) the binding of a CD1 -pre- 
sented antigen to a CD1 molecule or (2) the binding of 
a CD1:CD1 -presented antigen complex to its cognate T 
cell receptors. Some CD1 blocking agents are able to 
block such binding to undetectable levels while other 
CD1 blocking agents only slightly decrease such bind- 
ing. CD1 blocking agents include (1) agents which bind 
to CD1, (2) agents which bind to the CD1 -presented an- 
tigen, (3) agents which bind to the CD1:antigen com- 
plex, and (4) agents which bind to the T cell receptors 
that recognise the CD1:antigen complex. Respective 
examples of blocking agents include, but are not limited 
to, (1) polyclonal or monoclonal antibodies which bind 
to and block the portion of a CD1 molecule that binds a 
CD1 -presented antigen, (2) polyclonal or monoclonal 
antibodies which bind to and block the portion of a 
CD1 -presented antigen that binds CD1 , (3) synthetic ol- 
igopeptides that are derived from the CD1 :antigen-bind- 



ing portion of a T cell receptor and which bind to and 
block the portion of the CD1 :antigen complex bound by 
intact T cell receptors, and (4) synthetic compounds 
comprising a CD1 -presented antigen chemically linked 
5 to a purified CD1 molecule or a synthetic derivative 
thereof. 

[0081] In an alternative for the inhibition antigen pres- 
entation of CD1 -restricted antigens, a CD1 blocking 
agent can be employed which blocks the interaction of 

10 the antigen:CD1 complex with the TCR molecules on 
the T cell. By inhibiting the presentation step, the acti- 
vation of specific subsets of T cells can be inhibited . Pilot 
trials of treatment of humans suffering from an autoim- 
mune disease (MS) with peptides derived from TCR 

15 molecules is currently underway. Oksenberg, J.R., et 
ai, J. Neurol. Sci. 115 (Suppf.):$2S-S37 (1993). DNA 
molecules encoding TCR polypeptides displayed by T 
cells that recognize the CD1 -presented antigens of the 
invention are isolated according to methods known in 

20 the art. Oskenberg, J.R., et a/., Proc. Natl. Acad. ScL 
(USA) 86:988-992 (1989); Oksenberg, J.R., et a/., Na- 
ture 345:344-346 (1990) and erratum, Nature 353:94 
(1991); Uematsu, Y., et a/., Proc. Natl. Acad. Sci. (USA) 
88:534-538 (1991 ); Panzara, M.A., era/., Biotechniques 

25 12: 728-735 (1992); Uematsu, Y, Immunogenet. 34: 
1 74-1 78 (1 991 ). The DNA sequence is converted into a 
polypeptide sequence, and the portion of the polypep- 
tide sequence that corresponds to the antigen-binding 
variable region of a TCR polypeptide is used to design 

30 synthetic oligopeptides that bind CD1 :antigen complex- 
es on APCs, thereby inhibiting antigen presentation. Ol- 
igopeptides are chemically synthesized according to 
standard methods (Stewart and Young, Solid Phase 
Peptide Synthesis, Pierce Chemical Co., Rockland, llli- 

35 nois, 1 985) and purified from reaction mixtures by re- 
versed phase high pressure liquid chromatography 
(HPLC). Additionally or alternatively, methods for gen- 
erating anti-TCR antibodies and anti-TCR binding pep- 
tides are well known in the art with regard to MHC pres- 

40 entation and can readily be adapted to the herein dis- 
closed CD1 presentation system. Strom inger, J.L, Cell 
57:895-898 (1989); Davis, M.M., and Bjorkman, P. J., 
Nature 334:395-404 (1989). 

[0082] A skilled artisan can readily employ known 
45 methods of antibody generation, as well as rational 
blocking agent design in order to obtain the blocking 
agents of the present invention. Harlow, E., and Lane, 
D., Antibodies: A Laboratory Manual, Cold Spring Har- 
bor Press, Cold Spring Harbor, 1988; Synthetic Pep- 
50 tides: Answers Guide, Freeman, W.H., New York, 1 991 ; 
Kasprzak, A.A. , Biochemistry 28:9230-9238 (1 989). Ad- 
ditionally or alternatively, libraries of molecularly diverse 
molecules can be screened for individual member mol- 
ecules which are CD1 blocking agents. Effective CD1 
55 blocking agents are identified by their ability to inhibit 
CD1 -mediated T cell proliferative and/or cytolytic re- 
sponses using the materials and methods described 
herein. 
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[0083] The embodiments of the invention described 
above can be used for the indicated purposes, alone or 
in combination with each other or other complementary 
methods and/or compositions. 

[0084] The manner and method of carrying out the 
present invention may be more fully understood by 
those of skill by reference to the following examples, 
which examples are not intended in any matter to limit 
the scope of the present invention or of the claims di- 
rected thereto. 

Example 1: Antigen Presentation by CD1b 
Methods 

[0085] Flow cytometry was performed as described 
previously (Panchamoorthy, G., et al., J. Immunology 
747:3360-3369 (1991)) using the following monoclonal 
antibodies (mAbs): P3 (lgG1 control; Panchamoorthy, 
G., et al., J. Immunology 747:3360-3369 (1991 )), OKT6 
(anti-CD1a; Reinherz, E., et al., Proc. Natl. Acad. Sci. 
(USA) 77:1588-1592 (1980)), 4A7.6 (anti-CD1b; Olive, 
D., et al., Immunogenetics 20:253-264 (1984)), 10C3 
(anti-CD1c; Martin, L.H., et ai, Proc. Natl. Acad. Sci. 
(USA) 84:9189-9193 (1987)), W6/32 (anti-HLA-A,B,C; 
Brodsky, F.M., and Par ham, P.P., J. Immunology 128: 
129-135 (1982)), BMA031 (anti-a:p TCR; Lanier, L.L., 
et al., in Leukocyte Typing III, McMichael, A.J., ed., pp. 
175-178, Oxford University Press, 1987) ,OKT4 (an- 
ti-CD4; Reinherz, E., etal., Proc. Natl. Acad. Sci. (USA) 
77:1588-1592 (1980)), OKT8 (anti-CD8a; Reinherz, E., 
et al., Proc. Natl. Acad. Sci. (USA) 77:1588-1592 
(1980)) and 2ST8-5H7 (anti-CD8(3; Shiue, L, et al., J. 
Exp. Med. 768:1993-2005 (1988)). 
[0086] Monocytes were isolated from leukocyte con- 
centrates of normal donors by plastic adherence (Ane- 
gon, I., etal., J. Immunology 747:3973-3980 (1991)), 
and detached by incubation at 37°C in phosphate buff- 
ered saline (PBS) with 0.53 mM EDTA (PBS/EDTA). Ad- 
herent cells were typically >90% CD1 4 + and MHC class 
ll + , and negative for CD1a, CD1b and CD1c as deter- 
mined by surface staining (data not shown). To induce 
CD1 expression, monocytes were cultured for 60 hours 
in RPMI-1640 (Gibco) containing 10% fetal calf serum 
(FCS, Hyclone) with 100 Units/ml each of GM-CSF and 
IL-4 (Genetics Research Institute). Cells were harvest- 
ed using PBS/EDTA as above. 
[0087] T cell line DN1 was established from a random 
normal donor's peripheral blood. Nonadherent mononu- 
clear cells were treated with mAbs 0KT4 and OKT8 and 
rabbit complement, and the remaining viable cells were 
suspended in a mixture of 0KT4 (anti-CD4), 0KT8 (an- 
ti-CD8a) and anti-TCR51 (Porcelli, S., et al., Immun. 
Rev. 120: 137-1 83 (1991)) mAbs for 1 hour, washed and 
incubated for 30 minutes at 4°C with goat anti-mouse 
immunoglobulin coupled magnetic beads (Dynal). After 
magnetic separation and removal of CD4 + and/or CD8 + 
and/or 5-TCR cells, the remaining CD48- a:P TCR + 



cells were cultured with equal numbers of autologous 
monocytes in complete medium (RPM-1640 with 10% 
FCS and additional supplements as previously de- 
scribed by Morita, C.T, et al. (Eur. J. Immun. 21: 
5 2999-3007 (1991)) with 100 U/ml each of GM-CSF and 
IL-4. M. tuberculosis soluble extract, produced by soni- 
cation of desiccated bacilli (strain H37Ra (Difco)) in" PBS 
followed by centrifugation at 100,000 g to clarify (i.e., to 
remove insoluble material from) the sonicates, was add- 
to ed to a bacterial protein concentration of 10 jig/m I. More 
soluble antigenic (i.e., T cell proliferative) activity is ob- 
tained from soluble aqueous sonicates of M. tb. by add- 
ing detergents such as CHAPS or octylglucoside during 
the sonication step; without addition of detergent, 90 to 
15 95% of antigenic activity is lost during post-sonification 
clarification. Cultures were restimulated every 10 to 14 
days with M. tuberculosis and heterologous CD1 + 
monocytes (induced to express CD1 as described 
above) in complete medium, and were fed every three 
20 to four days with fresh medium containing 1 nM recom- 
binant interleukin-2 (IL-2). 

[0088] T cell proliferation response assays were car- 
ried out in triplicate with 5 x 1 0 4 each of T cells and ir- 
radiated (5,000 Rad) APCs in 200 |il complete medium 

25 jn 96 well flat bottom microtiter plates (Linbro). M. leprae 
and Escherichia coli soluble extracts were produced as 
described for M. tuberculosis. Monoclonal antibodies 
were added as purified immunoglobulin to a final con- 
centration of 25 (ig/ml. Cultures were harvested on day 

30 five (day three for mAb blocking) after a six hour pulse 
with 1 \iC\ 3 H-thymidine (6.7 Ci/mmol, New England Nu- 
clear), and 3 H incorporation determined by liquid scin- 
tillation counting. Results are expressed as the mean 
counts per minute (CPM) of 3 H-thymidine incorporation 

35 of triplicate cultures. Isolated monocytes or whole pe- 
ripheral blood mononuclear cells (PBMCs) were treated 
with recombinant GM-CSF and IL-4 as above, or with 
IFNy 1 00 U/ml for 60 hours prior to combining them with 
T cells for proliferation assays. T cell clone DN1 .C7 is 

^0 representative of four extensively characterized sub- 
clones derived from DN1 by phytohemagglutinin (PHA) 
stimulation in limiting dilution culture and propagated us- 
ing PHA stimulation and IL-2 as previously described. 
Morita, C.T., etal., Eur. J. Immun. 27:2999-3007 (1991). 

45 All clones derived from line DN1 had a surface pheno- 
type indistinguishable from that shown in Fig. 1 b, i.e., a: 
p TCR expression, non-expression of CD4, and minimal 
or non-expression of CD8. 

[0089] T cell cytolytic response assays were carried 
50 out as follows. Methods of transfecting C1R cells and 
assaying specific cytolytic activity by 51 Cr release have 
been described. Balk, S.P., et al., Science 253: 
1411-1415 (1991) and Morita, C.T., etal., Eur. J. Immun. 
27:2999-3007 (1 991), respectively. BK6, an a:P TCR cy- 
55 totoxic T cell clone that lyses cells displaying CD1 a, was 
isolated from the blood of a patient with SLE as previ- 
ously described (Porcelli, S., et al., Nature 347:447-450 
(1989)), and clone 3C8, an a:p TCR cytotoxic T cell 
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clone that lyses cells displaying CD1 c, was isolated from 
the blood of a normal donor using the same method. 
Transfected cells were labeled with 51 Cr and used as 
target cells in cytolytic assays with an effector (T cell) to 
target (transfectant) ratio of about 50:1. Methods of 5 
assaying 51 Cr release and calculating the % specific 
lysis have been described. Brenner, M.B., et a/., Nature 
325:689-694(1987). 

[0090] Stable transfectants of T2 cells were prepared 
using the method described for C1 R cells. Balk, S.R, et 10 
a/., Science 253:1411-1415 (1991). APCs for glutaral- 
dehyde fixation and chloroquine experiments were 
GM-CSF-and IL-4-treated PBMCs as described above, 
and glutaraldehyde fixation and chloroquine treatment 
of APCs were performed according to published meth- *5 
ods. Chesnut, R.W., ef a/., J. Immun. 1 29:2382-2388 
(1982); Roncarolo, M.G., et a/., J. Immunol. 147: 
781 -787 (1 991 ). CD4 + T cell line DG.1 was derived from 
an HLA-DR7* rheumatoid arthritis patient by repeated 
stimulation of synovial fluid lymphocytes with autolo- 20 
gous EBV-transformed B cells and M. tuberculosis pu- 
rified protein derivative (PPD, Statens Serum Institute; 
data not shown). Proliferative response assays were 
performed as above, except that 2 x 10 5 APCs were 
added per well and 3 H-thym idine incorporation was de- 25 
termined after three days. 

Results 

[0091] In order to develop a system to detect antigen 30 
presentation by CD1 molecules, the ability of various re- 
combinant cytokines to induce expression of CD1a, 
CD1 b and CD1c on peripheral blood monocytes, which 
normally do not express significant levels of these mol- 
ecules, was assessed. Leukocyte Typing IV, Knapp, W., 35 
ed., Oxford University Press, Oxford, U.K., pp. 251-269, 
1989. High levels of CD1a, CD1b and CD1c were con- 
sistently observed on monocytes cultured with a combi- 
nation of granulocyte/monocyte colony stimulating fac- 
tor (GM-CSF) and interleukin-4 (IL-4) (Fig. 1 a). Alterna- 40 
tively, GM-CSF may be used alone, although the result- 
ant level of CD1 expression is somewhat less than that 
resulting from combined GM-CSF and IL-4 treatment. 
lnterleukin-3 (IL-3) may also be used, alone or in com- 
bination with other cytokines. Monocytes cultured in the 45 
absence of cytokines, or those cultured with interferon- 
y, did not express significant levels of C1 Da, CD1b, or 
CD1c (data not shown). 

[0092] Because monocytes are efficient antigen pre- 
senting cells (APCs), we reasoned that CD1 + mono- 50 
cytes might stimulate a CD1 restricted T cell response 
to an exogenous antigen. Because most CD1 specific 
T cells identified to date have a double negative (DN; 
CD4-8-) phenotype (Porcelli, S., et a/., Nature 341: 
447-450 (1989); Faure, R, et al. t Eur. J. Immun. 20: 55 
703-706 (1990)), we focused on this subset of cells and 
generated a T cell line by repeated stimulation of periph- 
eral blood of ot:p TCR + CD4-8* T cells with a soluble ex- 



tract of M. tuberculosis and heterologous CD1 + mono- 
cytes (Fig. 1b). 

[0093] Functional studies of the resulting T cell line 
(designated DN1) showed that these T cells gave spe- 
cific proliferative responses to antigens derived from M. 
tuberculosis and from closely related M. leprae bacilli, 
but not to unrelated bacterial antigens such as those 
from E. coli or tetanus toxoid (Fig. 2a). These responses 
were dependent on the monocytes being pretreated 
with GM-CSF and IL-4 (Fig. 2b), and were not restricted 
by polymorphic MHC determinants (Fig 2c). This lack of 
MHC restriction was consistent with antigen presenta- 
tion restriction by non-MHC molecules. In order to de- 
termine if CD1 molecules are required forM. tuberculo- 
sis antigen presentation, the effects of monoclonal an- 
tibodies (mAbs) specific for CD1 or MHC molecules on 
the M. tuberculosis induced proliferation of T cell line 
DN1 and a representative subclone, DN1.C7, were de- 
termined. Only anti-CD1b mAb showed significant 
blocking of the M. tuberculosis induced proliferative re- 
sponse, and no consistent effects were observed with 
anti-CD1a or CD1c mAbs or with mAbs against mono- 
morphic determinants of MHC class I or class II mole- 
cules (Fig. 2d). 

[0094] B cell transfectants are effective targets for a: 
p TCR CD4-8- cytolytic T cell activity. Using the B lym- 
phoblastoid cell line C1R (Zenmour, J., etal., J. Immun. 
148: 1 941 -1 948 (1 992)), stable transfectants expressing 
and displaying CD1a, CD1borCD1cat comparable lev- 
els were generated and tested for their ability to present 
M. tuberculosis in a cytolytic assay. Only C1R cells 
transfected with DNA sequences encoding CD1b and 
incubated with M. tuberculosis prior to the assay were 
lysed by a:p TCR DN T cell line DN1 and its subclone 
DN1.C7 (Figs. 4a and b). The specificity of this CD1b 
restricted response was confirmed using two control 
CD4-8- cc:p TCR + T cell clones, BK6 and 3C8, which 
were derived by mitogen stimulation without exposure 
to M. tuberculosis antigens. Previous studies show that 
BK6 and 3C8 lyse target cell lines expressing CD1 a and 
CD1c, respectively (data not shown). As for all other 
CD1 reactive T cell clones described prior to this disclo- 
sure (Porcelli, S. f et a/., Nature 341:447-450 (1989); 
Faure, F, etal., Eur. J. Immun. 20:703-706 (1990); Balk, 
S.P, et ai, Science 253:1411-1415 (1991)), these 
clones appear to be autoreactive and recognize their 
nonpolymorphic CD1 ligands in the absence of exoge- 
nous antigens. As expected, clones BK6 and 3C8 lysed 
only C1R transfectants expressing CD1a or CD1c re- 
spectively, and lysis was not significantly affected by pri- 
or incubation of the target cells with M. tuberculosis 
(Figs. 4c and d). 

[0095] The lack of MHC restriction demonstrated by 
the preceding experiments argued that MHC encoded 
antigen presenting molecules were not involved in the 
CD1b restricted presentation of M. tuberculosis anti- 
gens to line DN1 . As a more stringent test of this hypoth- 
esis, CD1 b transfectants of the T2 cell line, in which ex- 
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tensive chromosomal deletions in both MHC loci result 
in a complete lack of MHC class il molecule expression, 
were produced. Salter, R.D., et a/. t Immunogenetics 21: 
235-246 (1985); Erlich, H., et al., Hum. Immun. 16: 
205-219 (1986). The MHC linked transporter genes 5 
TAP-1 and TAP-2 (reviewed in Parham, P., Nature 357: 
193-194 (1992)) are also deleted from T2, resulting in 
defective expression and function of MHC class I mole- 
cules. Hosken, N.A., and Bevan, M., Science 248: 
367-370 (1990); Wei, M., and Cresswell, P., Nature 356: 10 
443-446 (1 992). Nevertheless, transfection of CD1 b into 
T2 led to expression of CD1 b on the cell surface at a 
level similar to that seen on other transfected B cell lines 
(data not shown) and generated a target cell that pre- 
sented M. tuberculosis to line DN1 (Fig. 5a). *5 
[0096] The presentation of exogenous antigens to T 
cells generally requires uptake and processing of com- 
plex protein antigen molecules by antigen presenting 
cells, a process which is blocked by aldehyde fixation of 
the APC surface and by lysosomotropic amines such as 20 
chloroquine. Ziegler, H.K., and Unanue, E.R., Proc. 
Natl. Acad. Sci. USA 79:175-179 (1982); Chesnut, R. 
W., et al., J. Immun. 1 29:2382-2388 (1982). By these 
criteria, CD1b restricted presentation of M. tuberculosis 
also showed a requirement for antigen uptake and 25 
processing. Mild fixation of CD1b + APCs with glutaral- 
dehyde completely abrogated their ability to stimulate 
line DN1 in the presence of M. tuberculosis soluble an- 
tigens, although the same APCs pulsed with M. tuber- 
culosis prior to fixation retained their ability to stimulate 30 
a proliferative response (Fig. 5b). Furthermore, the 
presentation of M. tuberculosis antigens to line DN1 was 
strongly inhibited by chloroquine with a dose depend- 
ence virtually identical to that for the inhibition of MHC 
class II mediated presentation of mycobacterial anti- 35 
gens (Fig, 5c), indicating that processing of antigens for 
CD1b and MHC class II restricted responses may in- 
volve similar pathways or organelles, or that the path- 
ways share one or more chloroquine-sensitive cellular 
factors. Interestingly, T2 cells have recently been shown 40 
to be defective in the processing of antigens presented 
by MHC class II molecules (Riberdy, J.M., and Cress- 
well, P, J. Immun. 748:2586-2590 (1992)) because T2 
cells lack the DMA and DMB genes. Morris, P., et al., 
Nature 368:551-554 (1994); Fling, S.P, et a!., Nature 45 
368:554-558 (1 994). Thus, our finding that CD1 b trans- 
fected T2 cells can present M. tuberculosis to DN1 sug- 
gests that the antigen processing requirements for 
CD1 b and MHC class II molecules, although similarwith 
regard to chloroquine sensitivity, are not identical. 50 
[0097] Several investigators have speculated that T 
cells lacking expression of both CD4 and CD8 mole- 
cules may recognize antigens presented by cell surface 
molecules other than those encoded by classical MHC 
class I and II loci. Porcelli, S., et al, Immun. Rev. 120: 55 
137-183 (1991); Janeway, C.A. Jr., era/., Immun. Today 
6:73-76 (1988); Bluestone, J.A., and Matis, L.A., J. Im- 
mun. 142: 1785-1 788 (1989). The above results show 



that one member of the CD1 family, CD1b, can restrict 
the specific response of MHC unrestricted CD4~8- T 
cells to an exogenous foreign antigen. Like other CD1 
proteins, CD1b heavy chains associate noncovalently 
with (^-microglobulin (Olive, D., era/., Immunogenetics 
20:253-264 (1984)) and show limited but significant se- 
quence homology to both MHC class I and class II mol- 
ecules. Calabi, F., and Milstein, C, Nature 323:540-543 
(1986); Balk, S.P, era/., Proc. Natl. Acad. Sci. USA 86: 
252-256 (1989). These structural features of CD1b, to- 
gether with its critical role in antigen recognition (de- 
scribed above), support the conclusion that CD1b is a 
nonpolymorphic antigen presenting molecule encoded 
by a genetic locus unlinked to the MHC. 
[0098] These results indicate a potential role for CD1 
restricted T cells in normal host defense against micro- 
bial disease. The above results suggest a functional par- 
allel between CD1 and MHC class II molecules, since 
both mediate presentation of exogenous antigens proc- 
essed through a chloroquine sensitive pathway, and 
both can also act as ligands for the TCRs of autoreactive 
T cells. Porcelli, S., et al., Nature 341447-450 (1989); 
Glimcher, L.H., and Shevach, E.M., J. Exp. Med. 156: 
640-645 (1982). The limited tissue distribution of CD1 
molecules in vivo provides a further similarity with the 
MHC class II family since members of both families are 
prominently expressed on cell types involved in antigen 
presentation to T cells, including Langerhans's cells, 
dendritic cells in lymphoid and many other tissues, 8 
cells and possibly cytokine activated monocytes. Por- 
celli, S., etai, Immun. Rev. 120A 37-1 83 (1991). In con- 
trast, the lack of structural polymorphism of CD1 mole- 
cules, their unique cytokine regulation on monocytes, 
and the CD4"8" phenotype of the CD1 restricted T cells 
described herein are important differences that distin- 
guish the CD1 and MHC antigen presenting systems. 
These differences point to a distinct role for CD1 restrict- 
ed T cells in cell-mediated immunity 

Example 2: A Non-Peptide Antigen is Presented by 
CD1b 

Methods 

[0099] The CD1b-presented antigen is a nondialyza- 
ble macromolecule (data not shown). More antigenic (i. 
e., T cell proliferative) activity could be obtained from 
soluble aqueous sonicates of M. tb. by adding deter- 
gents such as CHAPS or octylglucoside during the son- 
ication (see above). This result suggests that the anti- 
gen is hydrophobic. 

[0100] In order to characterize the chemical nature of 
the antigens presented by CD1 , mycobacterial antigens 
were purified from the nonpathogenic M. tb. strain 
H37Ra (Difco) and M. fortuitum (a rapidly growing strain 
that also contains antigenic activity). Bacteria were ei- 
ther commercially available (M. tb. H37Ra, Difco) or 
grown and harvested (M. fortuitum), sonicated and sub- 
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jected to sequential fractionation protocols and ana- 
lyzed for biological activity. All fractions generated were 
tested for their ability to stimulate the DN T cell line DN1 
in a 5 day proliferation assay using irradiated, GM-CSF- 
and IL-4-treated monocytes as APCs and 
measuring 3 H-thymidine incorporation in a 6 hour pulse 
(Porcelli, S., et a/., Nature 360:593-597 (1992)). Cell 
wall, cell membrane and cytoplasmic fractions were pre- 
pared from either M. fb.-or M. fortuitum using a method 
adapted from published protocols. Hunter, S.W., et a/., 
Journal of Biological Chemistry 265: 74065-1 4068 
(1990). Briefly, cells were lyophilized, resuspended in 
PBS/octylglucoside, sonicated for 20 minutes and sub- 
jected to differential uttracentrifugation to produce cy- 
tosolic, membrane, and cell wall fractions. The cell wall 
pellets were further purified by a differential sucrose gra- 
dient. Characteristic structural features of the three frac- 
tions were confirmed by negative staining with electron 
microscopy. The majority of the bioactivity for the DN1 
cell line was present within the cell wall fraction (data 
not shown). 

[01 01] To directly assess whetherthe CD1 b-restricted 
antigen is a protein, a series of protease digestions of 
the antigen were performed. Using a variety of en- 
dopeptidases with either limited amino acid specificity 
(chymotrypsin (hydrophobic residues), trypsin (lys, arg), 
and V-8 (acidic)), or broad amino acid recognition (sub- 
tilisin, proteinase K, pronase), sonicates of either M. tb. 
or M. fortuitum were digested and then assayed for the 
ability to induce T cell proliferative responses. As a con- 
trol, a DR7 restricted, CD4 + T cell clone DG.1, derived 
in this laboratory which recognizes a determinant in my- 
cobacterial PPD (purified protein derivative) was also 
tested. Analysis by SDS-PAGE and subsequent silver 
stain demonstrated that digestion with V8 protease, pro- 
teinase K, pronase E or subtilisin degrades the proteins 
contained in mycobacterial antigen preparations (data 
not shown). 

Results 

[0102] The M. tuberculosis antigen recognized by 
DG. 1, a representative CD4+ MHC Class II restricted 
T cell line, is rendered ineffective by treatment with V8 
protease, proteinase K, or trypsin (Figure 6). As shown 
in Figure 6, DG. 1 cells proliferated strongly in response 
to the mock digest of the mycobacterial sonicate, but 
with the exception of chymotrypsin, all of the other pro- 
tease treatments completely abrogated the proliferative 
response. 

[0103] In contrast, the M. tuberculosis and M. fortui- 
tum antigens presented to line DN1 by CD1b is unaf- 
fected by these broadly reactive proteases (Figures 7 
and 8, respectively). The mycobacterial antigen pre- 
sented by CD1 b is fundamentally different than that pre- 
sented by MHC Class I and II antigen presenting mole- 
cules. It is well established that MHC molecules bind 
and present peptide antigens of about 8-9 amino acids 



for class I and 13-25 amino acids for class II. Because 
this CD1 b-presented antigen is a macromolecule which 
is protease resistant, it is unlikely to be a peptide. Thus, 
the CD1 system is the first known antigen presentation 
5 system which present foreign substances other than 
peptides to a:P TCR + T cells. 

Example 3: Purification of a CD1 b-Presented 
Antigen 

10 

Methods 

[0104] M. fortuitum bacteria were grown in liquid cul- 
ture to stationary phase and collected by centrifugation, 

15 sterilized by stream autoclaving (250°C, 18 p.s.i.) and 
lyophilized. Desiccated M. tb. (strain H37Ra, Difco) or 
M. fortuitum bacteria were suspended in phosphate 
buffered saline (200 mg bacteria per 5 ml PBS), and the 
bacterial suspension was sonicated with a probe soni- 

20 cator to disrupt the cells. The resulting sonicate was ex- 
tracted with organic solvents using a Folch based 2 
phase extraction system (chloroform/methanol/water) 
which quantitatively extracts mycobacterial lipids into an 
organic phase. Goren, M.B., and Brennan, P.J., Myco- 

25 bacterial Lipids: Chemistry and Biologic Activities in Tu- 
berculosis, 1 979. The sonicate was combined with three 
volumes of a chloroform :methanol (2:1 v/v) solution in 
a glass container, and the mixture was vigorously shak- 
en at room temperature for 24 hours. The phases of the 

30 mixture were separated by centrifugation at 800 g, and 
the organic phase was collected and transferred into a 
glass boiling flask. Each fraction was then dried by ro- 
tary evaporation (organic phase) or lyophilized (aque- 
ous phase and interface). After evaporation, the organic 

35 phase left a thin film of waxy material on the surface of 
the flask. In order to prepare material to be tested in T 
cell proliferation assays, aliquots of fractions were re- 
constituted as liposomes by the addition of water (20 ml 
per 200 mg of bacteria in original sonicate) followed by 

40 sonication in a water bath sonicator. The resulting crude 
suspension was then forced repeatedly through a 0.1 
nm filter membrane in order to create a liposome sus- 
pension of uniform size. Alternatively, T cell media with 
1 0% fetal calf serum was added to the dried fraction and 

45 sonicated without additional preparation. 

[0105] For further purification, the material extracted 
from M. tuberculosis as described above was dissolved 
in hexane and applied to a column of Silicic Acid. Eluting 
with organic solvents of increasing polarity over silica 

50 columns achieves separation of lipids based on their po- 
larity The most polar lipids such as phospholipids bind 
the strongest to the silica column and elute last, while 
glycolipids generally bind less tightly and elute earlier. 
Neutral lipids such as triglycerides or sterols bind the 

55 weakest and therefore elute first. 

[0106] Small open solid phase extraction (SPE) col- 
umns (Baker Bond, JT Baker) were preferred because 
of the ability to process many samples simultaneously. 
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A silica based "bonded" column (covalently linked) with 
cyano (CN) functional groups was used to fractionate 
the organic extracts of M. tb. The organic phase of the 
choloroform/methanol extract of bacteria was dried and 
resuspended in hexane. The equivalent of 5.3 mg of 
desiccated bacteria in 200 nl hexane was loaded onto 
a 0.5 gram CN SPE column. The column was washed 
with hexane and then with 25% (v/v) chloroform in hex- 
ane. Next, the bioactive fraction was eluted with 85% (v/ 
v) chloroform in hexane with over 100% recovery of bi- 
oactivity. Analyzing the active fraction on silica based 
TLC plates, according to the method of Kupke and 
Zeugner (Christie, W.W., Lipid Analysis, p. 117, Perga- 
mon Press, Oxford, U.K., 1982)), only two major species 
of lipid were visualized with cupric acetate, correspond- 
ing to free fatty acids and mycolic acids (data not 
shown). This result reflects a marked purification from 
the starting organic material. 

[0107] Proliferation assays were harvested on day 2 
(DG.SF68), day 3 (DG.1 ) or day 5 (DN1 ). DG.SF68 is a 
Vv2V62 T cell clone derived in this tab (PNAS in press, 
CM). APCswere GM-CSF-and lL-4-treated monocytes 
(DN1) or PBMC (DR7 + ) (DG.1), or untreated PBMC 
(DG.SF68). Cytolytic assays are displayed as % specific 
lysis and were performed as described. Porcelli, S., ef 
al. t Nature 341447-450 (1989). Data shown (Figure 9) 
are with an effector to target ratio of 50:1 and with M. 
tuberculosis antigen at a dilution of 1 : 20. 

Results 

[0108] The relevant antigen of M. tuberculosis is iso- 
lated from a commercial preparation of strain H37Ra 
(Difco) by extraction into a mixture of chloroform and 
methanol as described above. Although the interface 
contains greater than 95% of the proteins, 100% of the 
CD1b-restricted antigenic activity (i.e., ability to induce 
an a:p TCR DN T cell proliferative response) of the my- 
cobacterium extracts into the organic phase (Figure 9a). 
This strongly supports the original conclusion of the non- 
peptide nature of the relevant bacterial antigen. In con- 
trast, a conventional MHC class II restricted antigen rec- 
ognized by DN y:8 TCR + T cells was located in the phase 
interface between the aqueous and organic phases 
(Figure 9b). In contrast, in four independent antigen 
preparations, the CD1b-restricted antigen quantitatively 
partitioned into the organic phase. Results of transfect- 
ant cytolytic assays of the phases confirmed that the 
CD1 b-presented antigen is present in the organic phase 
(Figure 10). 

[0109] Under these conditions, 100% of the mycobac- 
terial CD1 -presented antigenic activity was quantitative- 
ly recovered after CN SPE chromatography. In addition, 
the organic phase extraction served as an excellent pu- 
rification step and the organic phase was used as a 
starting material for subsequent chromatography. An al- 
ternative and somewhat more general procedure to pu- 
rify the antigen for subsequent chromatography is to sa- 



ponify whole or sonicated bacteria and extract with an 
acidified solution of hexanes. Further purification of the 
antigen is obtained using Silicic Acid chromatography 
as described above. 

Example 4: Mycolic Acid is a CD1 b-Presented 
Antigen 

Methods 

[01 10] Given the above results, and other preliminary 
data suggesting that the activity co-chromatographed 
on CN modified silica HPLC columns with preparations 
of free fatty acid acyl chains (data not shown), it seemed 
plausible that the CD1 b-presented antigen is a unique 
mycobacterial lipid, possibly a mycolic acid. In order to 
address this issue, an HPLC method that separates my- 
colic acids on C1 8 reverse phase column chromatogra- 
phy was used to prepare mycolic acids. Butler, W.R., et 
a/., Journal of Clinical Microbiology 23:182-185 (1986); 
Butler, W.R., ef a/., Journal of Clinical Microbiology 26: 
50-53 (1988); Floyd, M.M., et ai, Journal of Clinical 
Microbiology 30:1327-1330 (1992). Reversed phase 
chromatography separates acyl chains primarily on the 
basis of the length of the acyl chain or "carbon number," 
thus it is relatively easy to achieve good separation be- 
tween free fatty acids and mycolic acids which are much 
larger. 

[01 1 1] This HPLC method requires an initial saponifi- 
cation of the sample, followed by derivitization of the fat- 
ty acids or mycolic acids with the ultraviolet (OD254) ab- 
sorbing compound p-bromophenacylbromide, which at- 
taches to the carboxyl terminus of an acyl chain. In pre- 
liminary experiments, we determined that the process 
of derivatizing the bacterial fraction with p-phenacylbro- 
mide destroyed bioactivity. However, the CD1 b-restrict- 
ed antigenic activity could then be recovered by sapon- 
ification with methanolic KOH, a process which frees the 
carboxyl end of the acyl chain by cleaving off the phen- 
acylbromide group (as assayed by OD254 on HPLC). 
This result indicates that the acyl chain must be cleaved 
in order to achieve a form which is presentable by CD1 
positive APCs and/or that a free carboxyl group is critical 
for presentation of the CD1b-restricted antigen. This is 
additional evidence that the antigen comprises an acyl 
chain. 

[0112] The SPE CN column purified preparation (Ex- 
ample 3) was used as a starting material for the C18 
chromatography. Samples were saponified with meth- 
anolic KOH and derivatized with the UV absorbing group 
bromophenacyl bromide. The active fraction was run on 
a C18 column (Alltech Nucleosil C18 5 ]im, 25 cm x 4.6 
mm) using a linear gradient of 30 to 90% methylene 
chloride in methanol over 50 minutes at 1 ml/min. Using 
as a reference a C9Q internal standard (Ribi), the result- 
ing chromatogram (Figure 12, panel a, upper portion) 
has a pattern comparable to published results. Floyd, 
M.M., ef ai, Journal of Clinical Microbiology 30: 
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1 327-1 330 (1 992). Fractions were resuspended in com- 
plete media with 10% FCS and tested at a 1:17 dilution 
relative to the original sonicate volume. 

Results 5 

[0113] Bioactivity, assayed by the T cell proliferative 
response assay, was found to comigrate with early 
peaks in the region of the mycolic acids (Fig. 12a). To 
confirm that mycolic acid is presented by CD1 b, an al- 10 
ternative source of mycolic acids, purified cord factor 
(trehalose dimycolate; Fig. 11) was tested. Upon sapon- 
ification, purified trehalose dimycolate from either M. tb. 
(from Sigma) orM. kansasii (from Patrick Brennan) stim- 
ulated the proliferation of the T cell line DN1 (Fig. 12b). f 5 
However, no stimulation was achieved by material pre- 
pared from saponified trehalose dibehanate, a synthetic 
derivative of cord factor which contains two C 2 2 fatty ac- 
id chains, rather than mycolic acids, that are liberated 
by saponification. This strongly argues that mycolic ac- 20 
id, not trehalose (which is present in each of the sam- 
ples) nor fatty acids, is the antigen presented by CD1b 
to the double negative cc:p TCR T cell line DN1 . A HPLC 
analysis of the saponified Sigma cord factor was then 
performed, and again the bioactivity was located in frac- 25 
tions corresponding to the early mycolic acid peaks (Fig. 
12c). Together, the above data demonstrate that the 
CDtb restricted mycobacterial antigen recognized by 
the T cell line DN1 is a species of mycolic acid. 
[01 14] Mycobacteria are known to be highly effective 30 
adjuvants. Aldovini, A., and Young, R.A., Nature 351: 
479-482 (1 991 ). One source of the CD1 b-presented an- 
tigen, mycolic acid, used herein is trehalose dimycolate 
(i.e., Mycobacterial cord factor), which has been shown 
to enhance antibody formation (Bekierkunst, A., et aL, 35 
J. Bacterid. 700:95-102 (1969); Bekierkunst, A., era/., 
Infection and Immunity 4:245-255 (1 971 ); Bekierkunst, 
A., et al. , Infection and Immunity 4:256-263 (1 971 )) and 
to stimulate nonspecific immunity to bacterial infections 
(Parant, M., et a/., Infect. Immun. 20:12-19 (1978)) and 40 
tumors (Bekierkunst, A., et al., Infection and Immunity 
70:1044-1050 (1974). 

[0115] In order to ensure that the purified antigenic 
activity contains a bona fide antigen and not a nonspe- 
cific mitogen, we looked at the specificity of the T cell 45 
proliferative response to crude M. tb. preparations and 
HPLC-purified mycolic acid from M. tb. and saponified 
cord factor. Total sonicates of M. tb. (Fig. 14, upper pan- 
el) contain antigen recognized by the MHC class II re- 
stricted CD4 + ct:p TCR + Tcell line DG.1, as well as an 50 
antigen recognized by the CD1b-restricted T cell line 
DN1 and the CD1c-restricted T cell line DN6 (see Ex- 
ample 5, below). However, HPLC-purified mycolic acid 
from either Nl. tb. (Fig. 14, middle panel) or from sapon- 
ified cord factor (Fig. 1 4, lower panel) contains antigens 55 
recognized only by CD1 b-restricted DNI T cells. This 
specificity is also demonstrated in the transfectant cyto- 
lytic assay (Fig. 13). The CD1 b-restricted response of 



DN1 was blocked by anti-CD1b antibodies, but was not 
affected by antibodies to MHC class I or II (Figure 15, 
upper panel). 

Example 5: Antigen Presentation by CD1c 

[0116] In addition to the presentation of antigens by 
CD1b disclosed in Example 1, CD1c molecules also 
present antigens. A separate CD4"8" ct:P TCR + T cell 
line, derived by repeated stimulation with monocytes 
treated with GM-CSF and IL-4 (to induce CD1 expres- 
sion) and M. tuberculosis antigens was isolated and 
named DN2(also referred to as8.23.DN1). Proliferation 
of DN2 is completely inhibited by the addition of mAbs 
to CD1c, but is not affected by mAbs to CD1b (Figure 
15, lower panel). A cytolytic assay confirms this result: 
C1 R cells transfected with vector only or with vector en- 
coding CD1a, CDIbor CDIcwere preincubated with or 
without M. tuberculosis sonicate and used as targets in 
a cytolytic assay. Only CD1 c + C1 R cells are recognized 
(Fig. 16); recognition is enhanced by preincubation with 
the sonicate. Therefore, CD 1 c molecules present M. tu- 
berculosis antigens to DN2 T cells. 
[01 17] A second CD1 c-restricted CD4"8" cc:p TCR + T 
cell line, derived by repeated stimulation with mono- 
cytes treated with GM-CSF and IL-4 (to induce CD1 ex- 
pression) and M, tuberculosis antigens was isolated and 
named DN6. Cytolytic assays (Fig. 17) indicate that DN6 
lyses CD1c + cells in the presence of M. tb. antigen. 

Example 6: Characterization of a CD1c-Presented 
Antigen 

[01 18] The antigen presented to DN6 T cells by CD1 c 
is not mycolic acid (Fig. 14, middle panel). However, 
chemical characterization of the antigen recognized by 
DN6 indicates that the antigen is a complex lipid. When 
M. tb. sonicates are extracted with chloroform: methanol 
(as described in Example 3), the antigenic activity is 
found substantially in both the phase interface and the 
organic phase (Fig. 18). Antigen recovered from the or- 
ganic phase can be bound to CN SPE columns and elut- 
ed (as described in Example 3). These studies demon- 
strate that the antigen is hydrophobic and has the chro- 
matographic properties of a lipid. 
[0119] However, unlike the CD1 b-restricted myco- 
bacterial antigen, results of additional experiments indi- 
cate that the DN6- recognized CD1c-presented antigen 
is a complex lipid and not a free acyl chain. Saponifica- 
tion of M. tb. sonicates eliminates the proliferative re- 
sponse of DN6 (Fig. 20). Because saponification breaks 
ester linkages that connect acyl chains to carbohydrate 
backbones, this result suggests that the antigen recog- 
nized by DN6 T cells is a, or comprises an additional, 
moiety other than a free acyl chain. Saponification pre- 
sumably destroys or removes the additional moiety 
which may be, e.g., a polysaccharide backbone or 
branch point. Thus, in contrast to the recognition of free 



20 



39 



EP 0 751 780 B1 



40 



mycolic acid by the DN1 T cell line, the DN6 T cell line 
recognizes a more complex lipid structure. 
[0120] It is noteworthy that the CD1 -presented anti- 
gens recognized by T cell lines DN1 and DN6 are not 
unique to M. tuberculosis. Rather, the DN1- and 
DN6-recognized CD1 -presented antigens are cross-re- 
active to antigens found in many Mycobacterial species 
tested to date (M. fbrtuitum, M. avium, M. bovis (BCG) 
and M. leprae). In the case of CD1c-restricted recogni- 
tion by DN6 T cells, an antigen is recognized in Coryne- 
bacteria (data not shown), a separate but related genera 
of bacteria which produce mycolic acids. Takayama, K., 
and Qureshi, N., "Structure and Synthesis of Lipids" in 
The Mycobacteria: A Sourcebook, Part A, Kubica, G.P., 
and Wayne, L.G., eds., Marcel Dekker, New York & Ba- 
sel, 1984. Thus, CD1 -presented antigens include at 
least several bacterial lipid antigens; in the case of au- 
toimmunity, CD1 -presented antigens include endog- 
enous lipid antigens. 

Example 7: Vaccines Comprising CD1 -Presented 
Antigens 

[01 21] Prior to the present disclosure, lipids were not 
known to possess potentially potent specific T cell-me- 
diated immunogenicity. The CD1 -presented lipid anti- 
gens described herein may be used as essential com- 
ponents of compositions designed to function as vac- 
cines to Mycobacterial pathogens. Vaccines comprising 
CD1 -presented antigens may be administered directly 
by injection. Alternatively, due to the presence of CD1 
on cells found in the gastrointestinal epithelium (Bleich- 
er, P.A., et a/., Science 250:679-682 (1990)), oral ad- 
ministration of vaccines comprising CD1 -presented an- 
tigens may be employed to introduce such vaccines into 
an animal in need of a vaccine comprising a CD1 -pre- 
sented antigen. 

[01 22] Vaccines comprising the CD1 -presented anti- 
gens of the present invention are formulated according 
to known methods. Remington's Pharmaceutical Sci- 
ences, 18th Ed., Gennaro, A.R., ed., Mack, Easton, 
1990; The Pharmacologist Basis of Therapeutics, 7th 
Ed., Gilman, A.G., et al., eds., MacMillian, New York, 
1985. Pharmaceutically acceptable lipid-stabilizing and 
-solubilizing agents known to those of skill in the art may 
be added to vaccines comprising CD1 -presented anti- 
gens to enhance their effectiveness. Teng, N., et al., 
PCT published patent application WO 91/01750 (Feb. 
21, 1991). Nunberg, J.H., U.S. Patent 4,789,702 (Dec. 
6, 1988). 

Example 8: Means and Methods for Inhibiting 
CD1 -Restricted Antigen Presentation 

[0123] The disclosure of CD1 antigen presentation 
system allows for various means and methods of inhib- 
iting CD1 -restricted antigen presentation. Any compo- 
sition which inhibits the processing of CD1 -presented 



antigens, which interferes with the binding of antigen to 
a CD1 molecule, or which interferes with the binding of 
the CD1 :antigen complex to a TCR molecule, will inhibit 
CD1 -restricted presentation of antigen. Such composi- 

5 tions, called CD1 blocking agents, are useful for control- 
ling undesired T cell-mediated immunity which occurs, 
e.g., in autoimmune diseases. Oksenberg, J.R., et al., 
J. Neurol. Sci. 115 (Suppl.): S29-S37 (1993). 
[0124] CD1 blocking agents include, but are not lim- 

10 jted to, (1) a purified CD1 molecule, or a synthetic de- 
rivative thereof, capable of binding a CD1 -presented an- 
tigen and preventing the antigen's interaction with CD1 
displayed on APCs; (2) a purified TCR polypeptide, or 
a synthetic derivative thereof, capable of binding to a 

15 CD1 -antigen complex on a CD1 + APC and preventing 
the complex's interaction with T cell receptors; (3) an 
antigen antagonist comprising a chemically-modified 
CD1 -presented antigen, or a synthetic derivative of a 
CD1 -presented antigen; (4) a purified CD1 -antigen 

20 complex, or a synthetic derivative thereof, capable of 
binding to a T cell receptor that recognizes a CD1 -anti- 
gen complex on a CD1 + APC and preventing the T cell 
receptor's interaction with CD1-antigen complexes; (5) 
an antibody which binds a CD1 molecule and thus pre- 

25 vents the interaction of the CD1 molecule and a 
CD1 -presented antigen; (6) a polyclonal or monoclonal 
antibody which binds a CD1 :antigen complex and thus 
prevents the interaction of the CD1:antigen complex 
and its cognate TCR; (7) a polyclonal or monoclonal an- 

-30 tibody which binds a TCR that recognizes a CD1 -pre- 
sented antigen and thus prevents the interaction of the 
TCR with its cognate CD1:antigen complex; and (8) a 
composition which blocks an essential step in the path- 
way by which CD1 -presented antigens are processed 

35 prior to being displayed. 

[01 25] The preceding Examples contain exemplars of 
CD1 blocking agents as follows. 
[01 26] CD1 blocking agents of type (5) are represent- 
ed by monoclonal antibody WM25 to CD1b, which spe- 

40 cifically inhibits CD1b-restricted antigen presentation 
(Fig. 15, upper panel) and monoclonal antibody 10C3 
to CD1c, which specifically inhibits CD1c-restricted an- 
tigen presentation (Fig. 15, lower panel). A skilled arti- 
san can used the methods described herein to isolate 

45 antibodies which act as CD1 blocking agents of type (6) 
or (7), 

Critical Analysis of Antibody Therapy in Transplantation, 
Burlington, W.J., ed., CRC Press, Boca Raton, 1992. 

50 

[0127] CD1 blocking agents of type (8) are represent- 
ed by chloroquine (Fig. Sc), which inhibits a step in the 
processing of CD1b-restricted antigens. Methods of for- 
mulating and administering chloroquine are known to 
55 those of skill in the art. Webster, L.T., "Drugs Used in 
the Chemotherapy of Protozoal Infections," Chapters 41 
and 42 in Goodman and Gilman's The Pharmacological 
Basis of Therapeutics, 8th Ed., Gilman, A.G., etaL, eds., 
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Pergamon Press, New York, 1990. Although chloro- 
quine also inhibits MHC-restricted antigen presentation, 
those skilled in the art can, using the methods disclosed 
herein, identify and/or isolate compositions which spe- 
cifically inhibit processing of CD1 -restricted antigens. 
[01 28] Blocking agents of type (3), i.e., antigen antag- 
onists, may be derived from CD1 -restricted antigens 
isolated by the methods of the invention. Variants of 
MHC-restricted peptide antigens, binding with weaker 
affinities than the original peptide antigen, act as antag- 
onists for mature T cells in MHC-restricted antigen pres- 
entation. Wraith, D.C., et a/., Cell 59:247-255 (1989); 
Smilek, D.E., et a/., Proc. Natl. Acad. Sci. (USA) 88: 
9633-9637 (1991). In like fashion, CD1 -presented anti- 
gens are isolated by the methods of the invention and 
are chemically modified, according to standard tech- 
niques, in order to generate non-antigenic or weakly an- 
tigenic CD1 -presented antigen derivatives. For exam- 
ple, mycolic acid derivatized with p-bromophenacylbro- 
mide is non-antigenic (Example 4). Antigen antagonists 
are identified as CD1 -presented antigen derivatives 
which inhibit or prevent the T cell proliferative or CD1 
transfectant cytolytic responses which occur when only 
the original, unmodified CD1 -presented antigen is 
present (Example 1). 

[0129] Blocking agents of type (2), i.e., TCR deriva- 
tives which block the interaction of the antigen:CD1 
complex with the TCR molecules on T cells, may be pre- 
pared from the disclosure by those skilled in the art. DNA 
molecules encoding TCR polypeptides displayed by a 
T cell line that recognizes a CD1 -presented antigen of 
the invention are isolated according to methods known 
in the art. Oskenberg, J.R., et a/., Proc. Natl. Acad. Sci. 
(USA) 86:988-992 (1989); Oksenberg, J.R., er a/., Na- 
ture 345:344-346 (1990) and erratum, Nature 353:94 
(1991); Uematsu, Y. ( etai, Proc. Natl. Acad. Sci. (USA) 
88:534-538(1991); Panzara, MA, etal. } Biotechniques 
12: 728-735 (1992); Uematsu, Y, Immunogenet 34: 
174-178 (1991). The DNA sequence is converted into a 
polypeptide sequence, and the portion of the polypep- 
tide sequence that corresponds to the antigen-binding 
variable region of a TCR polypeptide is used to design 
synthetic oligopeptides that bind CD1 :antigen complex- 
es on APCs, thereby inhibiting antigen presentation. Ol- 
igopeptides are chemically synthesized according to 
standard methods (Stewart and Young, Solid Phase 
Peptide Synthesis, Pierce Chemical Co., Rockland, Illi- 
nois, 1985) and purified from reaction mixtures by re- 
versed phase high pressure liquid chromatography 
(HPLC). Pilot trials of treatment of humans suffering 
from an autoimmune disease, MS, with peptides derived 
from MHC-restricted a:(5 TCR molecules is currently un- 
derway. Oksenberg, J.R., et a/., J. Neurol. Sci. 115 (Sup- 
p/.;:S29-S37(1993). TCR-derived peptides which func- 
tion as CD1 blocking agents are identified as TCR-de- 
rived peptides which inhibit or prevent the T cell prolif- 
erative or CD1 transfectant cytolytic responses which 
occur in the presence of CD1 -presented antigen (Exam- 



ple 1). 

[0130] The assays for CD1 -presented antigens de- 
scribed herein may be used to screen molecular librar- 
ies for CD1 blocking agents. Libraries of molecularly di- 
5 verse compositions are prepared by chemical, biochem- 
ical and/or biotechnological means. Such libraries in- 
clude combinatorial libraries of synthetic peptides 
(Houghten, R.A., et a/., BioTechniques 13:412-421 

(1992) ) and fusion protein libraries prepared by recom- 
10 binant DNA technology, e.g., phage display libraries. 

Koivunen, E., et a/., J. Biol. Chem. 268:20205-20210 

(1993) . The libraries are screened for the presence of 
members which inhibit or prevent the DN T cell prolifer- 
ative and/or CD1 cytolytic responses described herein. 

15 CD1 blocking members are isolated from the library ac- 
cording to techniques known in the art and appropriate 
for the type of library employed. Lowman, H.B., et a/., 
Biochemistry 30:1 0832-1 0838 (1991); Felicia, R, et a/., 
J. Mol. Biol. 22:301-310 (1991); Dandekar, T, et al, 

20 Neurochem. Int. 7:247-253 (1985); Owens, R A, et al., 
Biophys. Res. Commun. 181:402-408 (1991). 
[0131] In order to detect a CD1 blocking agent in a 
sample, assays for CD1 -presented antigen are per- 
formed in duplicate. The first (control) assay is a T cell 

25 proliferative or cytolytic assay performed essentially as 
described in Example 1. The second assay is identical 
to the first assay in every respect but one: the second 
assay additionally contains a sample suspected of con- 
taining a CD1 blocking agent. The presence of CD1 

30 blocking agents in the sample correlates with a T cell 
proliferative or cytolytic response in the second assay 
that is significantly less than that measured in the first 
assay. 

35 

Claims 

1. A method for producing a vaccine containing a 
CD1 -presented antigen comprising the steps of 

40 

(a) incubating a sample containing a CD1 -pre- 
sented antigen with CD1 positive cells; 

(b) separating said CD1 -positive cells display- 
ing CD1 -bound antigen from said sample; 

45 (c) separating the CD1 -presented antigen from 

said CD1 -positive cells displaying said antigen; 
and 

(d) formulating said separated CD1 -presented 
antigen so as to form a vaccine. 

50 

2. A method for producing a vaccine containing a 
CD1 -presented antigen comprising the steps of 

(a) fractionating a sample containing a 
55 CD1 -presented antigen into two or more frac- 
tions; 

(b) testing said fractions for the presence of a 
CD1 -presented antigen; and 
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(c) formulating one or more fractions which con- 
tains said CD1 -presented antigen so as to form 
a vaccine. 

3. A method according to claim 1 or 2 wherein: 

(a) said CD1 -present antigen is presented by a 
CD1 molecule selected from the group consist- 
ing of CD1a, CD1b, CD1c, CD1d and CD1e; or 

(b) said CD1 -presented antigen is isolated from 
a Mycobacterial species selected from the 
group consisting of M tuberculosis, M bovis, M 
leprae, M. fortuitum and M. Avium. 

4. A vaccine which induces a specific T cell response 
in an animal upon administration to said animal, the 
vaccine comprising an effective specific T cell-in- 
ducing amount of a CD1 -presented antigen or a 
functional equivalent thereof and a pharmaceutical- 
ly acceptable carrier. 

5. A vaccine according to claim 4 produced by a meth- 
od according to any one of claims 1 to 3. 

6. A vaccine according to claim 4 further comprising: 

(a) one or more cytokines or other molecules 
which induce CD1 expression on antigen-pre- 
senting cells; or 

(b) one or more different antigens. 

7. Use of a CD1 -presented antigen (or its functional 
equivalent) for the manufacture of a medicament 
which induces a specific T cell response for vacci- 
nation. 

8. A vaccine according to any of claims 4, 5 and 6, or 
use according to claim 7, wherein said CD1 -pre- 
sented antigen is: 

(a) isolated from saponified 6,6-trehalose dimy- 
colate; or 

(b) is a lipid; or 

(c) is a mycolic acid. 

9. A CD1 -blocking agent which inhibits CD1 -restricted 
antigen presentation selected from the group con- 
sisting of an antibody, a synthetic peptide, an inhib- 
itor of CD1 -restricted antigen presentation, and an 
antigen antagonist derived from a CD1 -presented 
antigen. 

10. A method for inhibiting CD1 -restricted antigen pres- 
entation by CD1 -positive cells comprising the step 
of contacting cells displaying a CD1 molecule with 
the CD1 blocking agent of claim 9, excluding meth- 
ods for treatment of the human or animal body by 
therapy. 



11. A method for detecting a CD1 -presented antigen in 
a sample comprising the steps of: 

(a) contacting said sample with CD1 positive 
5 cells; 

(b) contacting said CD1 positive cells with T 
cells; and 

(c) measuring the proliferative or cytolytic re- 
sponse of said T cells. 

10 

12. A method for isolating a CD1 -presented antigen 
from a sample comprising the steps of: 

(a) incubating said sample with CD1 positive 
*5 cells which bind said CD1 -presented antigen, 

in order to generate CD1 positive cells display- 
ing CD1-bound antigen; 

(b) separating said CD1 positive cells display- 
ing CD1 -bound antigen from said sample; and 

20 (c) separating the CD1 -presented antigen from 

said CD1 positive cells displaying said antigen. 

13. An isolated CD1 -present antigen producible by a 
method according to claim 12. 

25 

14. ACD-1 presented antigen for use in therapy where- 
in the antigen induces a specific T cell response. 

30 Patentanspruche 

1. EinVerfahrenzur Herstellung eines Impfstoffes, der 
ein CD1-prasentiertes Antigen enthalt, umfassend 
die Schritte 



35 

(a) Inkubieren einer Probe, die ein CD1-pra- 
sentiertes Antigen enthalt, mit CD1-positiven 
Zellen; 

(b) Trennen besagter CD1-positiver Zellen, die 
40 CD1-gebundenes Antigen zeigen, von besag- 
ter Probe: 

(c) Trennen des CD1-prasentierten Antigens 
von besagten CD1-positiven Zellen, die besag- 
tes Antigen zeigen; und 

45 (d) Formulieren besagten getrennten CD1 -pra- 

sentierter Antigens, zur Bildung eines Impf- 
stoffs. 

2. EinVerfahrenzur Herstellung eines Impfstoffes, der 
50 ein CD1-prasentiertes Antigen enthalt, umfassend 
die Schritte 

(a) Fraktionieren einer Probe, die ein CD1-pra- 
sentiertes Antigen enthalt, in zwei oder mehre- 

55 re Fraktionen; 

(b) Testen besagter Fraktionen auf die Anwe- 
senheit eines CD1 -prasentierten Antigens; und 

(c) Formulieren einer oder mehrerer Fraktio- 



23 



45 



EP 0 751 780 B1 



46 



nen, die besagtes CD1 -prasentiertes Antigen 
enthalt, zur Bildung eines Impfstoffs. 

3. Ein Verfahren gemalJ Anspruch 1 oder Anspruch 2, 
worin: 5 

(a) besagtes CD1 -prasentiertes Antigen von ei- 
nem CD1-Molekul prasentiert ist, das aus der 
Gruppe ausgewahlt ist, bestehend aus CD1a, 
CD1b, CD1c ( CD1d und CD1e; oder 10 

(b) besagtes CD1 -prasentiertes Antigen aus ei- 
ner Myccbakterien-Species isoliert ist, die aus 
der Gruppe ausgewahlt ist, bestehend aus M. 
tuberculosis, M. bovis, M. leprae, M. fortiutum 
und M. avium. *5 

4. Ein Impfstoff, der eine spezifische T-Zellantwort in 
einem Tier nach Veraoreichung an besagtes Tier in- 
duziert, wobei der Impfstoff eine wirksame spezifi- 
sche T-Zell-induzierende Menge eines CD1-pra- 20 
sentierten Antigens oder eines funktionalen Aqui- 
valents davon und einen pharmazeutisch vertrag li- 
chen Trager umfasst. 

5. Ein Impfstoff gem a R Anspruch 4, der m it einem Ver- 25 
fahren gemali einem der Anspruche 1 bis 3 herge- 
stellt ist. 

6. Ein Impfstoff gemali Anspruch 4, auRerdem umfas- 
send: 30 

(a) ein oder mehrere Zytokine oder andere Mo- 
lekule, die eine CD1 -Expression auf Antigen- 
prasentierenden Zellen induzieren; oder 

(b) ein oder mehrere verschiedene Antigene. 35 

7. Verwendung eines CD1-prasentierten Antigens 
(oder seines funktionalen Aquivalents) zur Herstel- 
lung eines Medikaments, das eine spezifische 
T-Zellantwort zur Impfung induziert. *o 

8. Ein Impfstoff gemali einem der Anspruche 4, 5 und 
6 oder Verwendung gemafJ Anspruch 7, worin be- 
sagtes CD1 -prasentiertes Antigen ist: 

45 

(a) aus verseiftem 6,6-Trehalosedimycolat Iso- 
liert; oder 

(b) ein Lipid ist; oder 

(c) eine Mycolsaure ist. 

50 

9. Ein CD1-blockierendes Mittel, das eine auf 
CD1-beschrankte Antigen-PrSsentierung hemmt 
und aus der Gruppe ausgewahlt ist, bestehend aus 
einem Antikorper, einem synthetischen Peptid, ei- 
nem Inhibitor einer auf CD1-beschrankten Antigen- 55 
Prasentierung und einem Antigen-Antagonisten, 
der von einem CD1-prasentierten Antigen abgelei- 

tet ist. 



10. Ein Verfahren zur Hemmung einer auf CD1-be- 
schrankter Antigen-Prasentierung von CD1-positi- 
ven Zelten, umfassend den Schritt des Inkontakt- 
bringens von Zellen, die ein CD1-Molekul zeigen, 
mit dem CD1-blockierenden Mittel von Anspruch 9, 
ausgenommen Verfahren zur therapeutischen Be- 
handlung des menschlichen oder tieri schen Kor- 
pers. 

11. Ein Verfahren zum Nachweis eines CD1-prasen- 
tierten Antigens in einer Probe, umfassend die 
Schritte: 

(a) Inkontaktbringen besagter Probe mit 
CD1-positiven Zellen: 

(b) Inkontaktbringen besagter CD1-positiver 
Zellen mit -Zellen; und 

(c) Messen der pro life rat iven oder cytolytischen 
Antwort von besagten T-Zellen. 

12. Ein Verfahren zum Isolieren eines CD1-prasentier- 
ten Antigens aus einer Probe, umfassend die 
Schritte: 

(a) Inkubieren besagter Probe mit CD1-positi- 
ven Zellen die besagtes CD1 -prasentiertes An- 
tigen binden, urn CD1 -positive Zellen zu erzeu- 
gen, die CD1-gebundenes Antigen zeigen; 

(b) Trennen besagter CD1-positiver Zellen, die 
CD1-gebundenes Antigen zeigen, von besag- 
ter Probe: und 

(c) Trennen des CD1-prasentierten Antigens 
von besagten CD1 -positiven Zellen, die besag- 
tes Antigen zeigen. 

1 3. Ein isoliertes CD1 -prasentiertes Antigen, das mit ei- 
nem Verfahren gemali Anspruch 12 hergestellt ist. 

14. Ein CD1 -prasentiertes Antigen zur therapeutischen 
Verwendung, worin das Antigen eine spezifische 
T-Zellantwort induziert. 



Revendications 

1. Procede de preparation d'un vaccin contenant un 
antigene presente par CD1 comprenant les etapes 
consistant a : 

(a) incuber un echantillon contenant un antige- 
ne presente par CD1 avec des cellules positi- 
ves pour CD1 ; 

(b) separer lesdites cellules positives pour CD1 
presentant un antigene lie a CD1 dudit 
echantillon ; 

(c) separer I'antigene presente par CD1 desdi- 
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tes cellules positives pour CD1 presentant un 
antigene lie a CD1 et 

(d) formuler ledit antigene presente par CD1 
separe de maniere a former un vaccin. 

2. Procede de preparation d'un vaccin contenant un 
antigene presente par CD1 comprenant les etapes 
consistant a : 

(a) fractionner un echantillon contenant un an- 
tigene presente par CD1 en deux fractions ou 
plus ; 

(b) tester lesdites fractions a la recherche de la 
presence d'un antigene presente par CD1 ; et 

(c) formuler une ou plusieurs fractions qui con- 
tiennent ledit antigene presente par CD1 de 
maniere a former un vaccin. 

3. Procede selon la revendication 1 ou 2 dans lequel : 

(a) ledit antigene presente par CD1 est presen- 
te par une molecule CD1 choisie parmi le grou- 
pe constitue par CD1a, CD1 b, CDtc, CD1d et 
CD1e ; ou 

(b) ledit antigene presente par CD1 est isole 
parmi les especes mycobacteriennes selec- 
tionnees parmi le groupe constitue par M. tu- 
berculosis, M. bovis, M. leprea, M. fortuitum et 
M. Avium. 

4. Vaccin qui induit une reponse a lymphocytes T spe- 
cifique chez un animal apres administration audit 
animal du vaccin comprenant une quantite efficace 
pour induire une reponse a lymphocytes T specifi- 
que de I'antigene presente par CD1 ou d'un equi- 
valent fonctionnel de celui-ci et un vehicule phar- 
maceutiquement acceptable. 

5. Vaccin selon la revendication 4 produit par un pro- 
cede selon Tune quelconque des revendications 1 
a 3. 

6. Vaccin selon la revendication 4 comprenant en 
outre : 

(a) une ou plusieurs cytokines ou autres mole- 
cules qui induisent ['expression de CD1 surdes 
cellules presentant I'antigene ; ou 

(b) un ou plusieurs antigenes differents. 

7. Utilisation d'un antigene presente par CD1 (ou son 
equivalent fonctionnel) pour la preparation d'un me- 
dicament qui induit une reponse a lymphocytes T 



specifique a des fins de vaccination. 

8. Vaccin selon d'une quelconque des revendications 
4, 5 et 6 ou utilisation selon la revendication 7, ou 

5 ledit antigene presente par CD1 est : 

(a) isole a partir d'un 6,6-trehalose dimycolate 
saponifie ; ou 

10 (b) est un lipide ; ou 

(c) est un acide mycolique. 

9. Agent bloquant CD1 qui inhibe la presentation de 
*5 I'antigene restreinte a CD1 choisi parmi le groupe 

constitue par un anticorps, un peptide synthetique, 
un inhibiteur de la presentation de I'antigene res- 
treinte a CD1 ; et un antagoniste de I'antigene de- 
rive d'un antigene presente par CD1. 

20 

10. Procede d'inhibition de la presentation de I'antigene 
restreinte a CD1 par des cellules positives en ce qui 
concerne CD1 comprenant I'etape consistant a 
mettre en contact des cellules presentant une mo- 

25 lecule CD1 avec un agent bloquant CD1 de la re- 
vendication 9, a I'exclusion des procedes de traite- 
ment de I'organisme humain ou animal par une the- 
rapie. 

30 11. Procede de detection d'un antigene presente par 
CD1 dans un echantillon comprenant les etapes 
consistant a : 

(a) mettre en contact ledit echantillon avec des 
35 cellules positives en ce qui concerne CD1 ; 

(b) mettre en contact lesdites cellules positives 
en ce qui concerne CD1 avec des lymphocytes 
T;et 

40 

(c) mesurer la reponse proliferative ou cytolyti- 
que desdits lymphocytes T. 

12. Procede d'isolement d'un antigene presente par 
45 CD1 a partir d'un echantillon comprenant les etapes 
consistant a : 

(a) incuber ledit echantillon avec des cellules 
positives en ce qui concerne CD1 qui se lient 

50 audit antigene presente par CD1 , afin d'obtenir 

des cellules positives en ce qui concerne CD1 
presentant I'antigene lie a CD1 ; 

(b) separer lesdites cellules positives en ce qui 
55 concerne CD1 montrant I'antigene lie a CD1 a 

partir dudit echantillon ; et 

(c) separer ledit antigene presente par CD1 a 
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partir des cellules positives en ce qui concerne 
CD1 affichant ledit antigene. 

13. Antigene presente par CD1 isole produit a I'aide du 
procede de la revendication 12. 5 

14. Antigene presente par CD1 destine a etre isole 
dans un traitement ou I'ahtigene induit une reponse 
specifique a lymphocytes T. 

10 
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